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[57] ABSTRACT 

Disclosed are methods and compositions for the treatment of 
HIV infections through the specific elimination of cells 
which express HTV env determinants such as gp!20. The 
compositions of the invention include toxin conjugates 
composed of a CD4 derived gpl20 binding ligand conju- 
gated to a toxin A chain moiety such as ricin A chain or 
deglycosylated ricin A chain. Where a therapeutic compo- 
sition is desired, the conjugates axe formed by means of a 
cross linker which includes a disulfide bond. Disulfide 
linkages are not crucial where non-therapeutic uses, such as 
antibody generation, is intended. In preferred aspects of the 
invention, conjugates incorporating shorter CD4 peptides, 
such as those incorporating amino acids 41-57 or 41-84 of 
CD4. are disclosed. Therapeutic amounts of conjugates 
composed of soluble CD4 or a CD4 peptide cross-linked to 
deglycosylated A chain by means of as SMPT linker is 
administered to an HTV infected patient so as to specifically 
eliminate HTV infected cells without exerting significant 
toxicity against uninfected or class II cells. 

17 Claims, 18 Drawing Sheets 
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THERAPEUTIC COMPOSITIONS nominal antigen targets in the context of class I and class II 

COMPRISING A CD4 PEPTIDE AND major histocompatibility complex (MHC) antigens, respec- 

METHODS OF TREATMENT OF HIV lively (32-36). For the ^^j^J^^ 1 ^ 

TNFFfTIONS helper/inducer T cell phenotype (37-39). although CD4+ 

5 T-cells characterized as cytotoxic suppressor T cells have 

„ .... . f 1; „ c ^ Mrt been identified. The loss of CD4+ helper inducer T cell 

This ^ylicadon is a conUmjauon. of apphcation Ser. No. d ^ ccUular 

07/792212, filed Nov. 13, 1991. now » and humoral immunity leading to the opportunistic infec- 

a contmuation-in-part of U.S. Ser. No. 07/519.240. filed ti ons ^ maUgnancies characteristics of the acquired immu- 

May 3. 1990. now abandoned, which is a continuation of nodcficicncy syndrome (AIDS) (29). 

U.S. Ser. No. 07/407.479, filed Sep. 14. 1989. now aban- io ^ ^ CM ^ . g ^ componcnt 

don ^' . . , . _ . of the cellular receptor for "HTV-r was first indicated by the 

me government ir*yown certain nghfc ; in ^present ^wavrfon ^ ^ ODOclonal ^bodies directed against 

invention pursuant to NIH grants CA-28149. CA-41081. QDA wfflV r in f e ction and syncytia induction 

CA-09082. and RR-00890. ^ (40-42). This hypothesis has been confirmed by the dem- 

BACKGROUND OF THE INVENTION on strati on that a molecular complex forms between CD4 and 

gpl20. the major envelope glycoprotein of "HIV-1~ (43), 

1. Held of the Invention and the finding that "HIV r tropism can be conferred upon 
The present invention relates to methods and composi- ordinarily non-permissive human cells following the stable 

tions for the treatment of HIV infections. In particular, the ^ expression of a CD4 cDNA (44). Furthermore, the neuro- 

invenUon relates to the targeting of cytotoxic reagents to tropic properties of "fflV-l**, reflected by a high incidence of 

HIV-infected cells through the use of toxin-conjugated central nervous system dysfunction in "HIV- r infected 

ligands capable of specific recognition of such cells, as well individuals (45). and the ability to detect * 4 HIV-P in the 

as associated technology directed to the preparation of such Dra j n ^ ssuc cerebrospinal fluid of AIDS patients 

toxin-conjugated ligands. 25 (46-50). appears to have its explanation in the expression of 

2. Description of the Related Art CD4 in cells of neuronal glial and monocyte macrophage 
Acquired immunodeficiency syndrome (AIDS) is caused origin (51-53). 

by a retrovirus identified as human immunodeficiency virus The known sequence of the CD4 precursor predicts a 

(HIV) (1-6). Most individuals infected with HIV go on to hydrophobic signal peptide, an extracellular region of 

develop AIDS (7). which is characterized by the progressive ^ approximately 370 amino acids, a highly hydrophobic 

depletion of those cells expressing a cellular receptor for the stretch with significant identity to the membrane- spanning 

HIV retrovirus (8). A number of immunologic abnormalities domain of the class H MHC beta chain, and a highly charged 

have been described in AIDS including abnormalities in intracellular sequence of 40 residues (58). The extracellular 

B-cell function, abnormal antibody response, defective domain itself of CD4 is found to consist of four contiguous 

monocyte cell function, impaired cytokine production 35 regions each having amino acid and structural similarity to 

(9-12), depressed natural killer and cytotoxic cell function the variable and joining (V-J) domains of immunoglobulin 

(13), and defective ability of lymphocytes to recognize and light chins as well as related regions in other members of the 

respond to soluble antigens ( 14). Other immunologic abnor- immunoglobulin gene superfamily (a subclass of which have 

maliues associated with AIDS have been reported (15,16). been defined by the coined term "adhesions"). These struc- 

Among the more important immunologic defects in patients ^ rurally similar regions of CD4 have been termed the V^. 

with AIDS is the depletion of the T4 (CD4) helper/inducer V^Jj. V^Jj and V«J 4 domains (denominated domains 1-4 in 

lymphocyte population (1.2.11.12). FIG. 3 of reference 23). 

In spite of the profound immunodeficiency observed in The HIV env protein has also been extensively described. 

AIDS, the mechanism(s) responsible are not clearly under- and the amino add and RNA sequences encoding HIV env 

stood. Several postulates exist One view is that defects in 45 from a number of HIV strains are known (22). The HTV 

immune responsiveness are due to selective infection of virion is covered by a membrane or envelope derived from 

helper T cells by HIV. resulting in impairment of helper T the outer membrane of host cells. The membrane contains a 

cell function and eventual depletion of cells necessary for a population of envelope glycoproteins (gpl60) anchored in 

normal immune response (1-6. 17). Recently, in vitro and in the membrane bflaycr at their carboxyl terminal region. Each 

vivo studies showed that HIV can also infect monocytes 30 glycoprotein contains two segments. The N-terminal 

which are known to play an essential role as accessory cells segment, called gpl20 by virtue of its relative molecular 

in the immune response (18.19). HIV may also lead to weight of about 120 kD. protrudes into the aqueous envi- 

irnmunodeficiency by interfering with normal cytokine pro- ronment surrounding the virion. The C-terminal segment 

auction in an infected cell resulting in secondary immuno- called gp4L spans the membrane. gp!20 and gp41 are 

deficiency as for example, IL-1 and IL-2 deficiency (20). 55 covalently linked by a peptide bond mat is particularly 

None of these models resolves the question of whether a susceptible to proteolytic cleavage, 

component of HIV per se, rather than infection by replica- At least two kinds of immune system cells are infected by 

tive virus, is responsible for the immunologic abnormalities HTV (human irninunoaeficiency virus), monocytes, and 

associated with AIDS. T-lyrnphocytes. Only those monocytes and T-cells which 

The primary immunologic atowrroality resulting from 60 have the CD4 receptor are thought to be infected by HTV. A 

infection by HIV is the progressive depletion and functional conserved region of the HIV viral coat protein (gp!60) binds 

unpairment of T lyrnphocytes expressing the CD4 cell to the CD4 recqxor which undergoes internalization and 

surface glycoprotein (29). CD4 is a non-polymorphic gly- carries the RNA virus into the celL Once inside the cell the 

coprotein with homology to the immunoglobulin super gene virus makes a DNAcopy of its RNA with its enzyme reverse 

superfamily (30). Together with the CD8 surface antigen. 65 transcriptase. Nucleoside analogues protect cells by serving 

CD4 defines two distinct subsets of mature peripheral T cells as chain breakers in the transcription of viral RNA- They are 

(3 1). which are distinguished by their ability to interact with incorporated into the growing polymer but lack the func- 
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tional group necessary to bind the next nucleoside into the means of tneir anti-env ligands. In contrast it is envisioned 

chain thus the chain is interrupted and therefore non- that anti-CD4-toxin constructs will serve to dehver toxin to 

"~~7 nal 311 CD4* cells, and thus, like env-toxin conjugates, kill those 

nJD . , . , , # # cells targeted for the infection. While the foregoing immu- 

Current AIDS therapy which is directed towards protect- DOtoxill Approaches hold out some promise in the treatment 

ing uninfected cells, consists of oral dosing about every four of AJDS cfficacy ^ yct {Q ^ provcn ^ ^ ^c, 

hours with nucleoside analogues (such as ACT and DDC) numerous approaches to the treatment of 

which inhibit viral RNA rephcauoa Mmou^these drugs ^ iflfecdoi / havc ^ atterapled „ described, there is 

inhibit viral replication at concentrations of 5CK-500 uM at ^ ^ ^ ha$ s|uwn promisc ^ 

higher concentrations (-1 mM) they also inhibit the DNA ^ ^ ^t^g aspcct D f this disease, 

polymerase of healthy cells which is required for cell Acc *> te t0 ^ a dramatic need for new 

division. The current therapy requires very large doses of ™ treatment and therapy modalities 

dmgs (up toa gram/day). ^ c abUity to addrcss ^ 

and in a form that is absorbed by all cells the entire body is an^wide a basis for stopping its spread, 

exposed to them. Toxicity is a serious limitation to their use; y 

aplasia and anemia being the most severe side effects. « SUMMARY OF THE INVENTION 

Because nucleoside derivatives must be phosphorylated The present invention addresses one or more deficiencies 

before they can be incorporated into DNA (and express their i n the prior art by providing an approach that may prevent 

chain disrupting activity) they require kinases which are not or delay the onset of AIDS by eliminating cells which 

present in equal amounts in all cells susceptible to viral produce viral proteins early in the course of the disease. It 

infection. Thus the oral nucleoside analogue therapy, which ; s proposed that the methodology disclosed herein will 

is ineffective against already infected cells, is only able to prevent the spread of infection and the release of viral 

protect those susceptible cells which can convert high con- proteins that may participate in the pathogenesis of this 

centrations of nucleosides into nucleotides (Le.. dividing disease. 

cells). For these reasons this therapy is limited and the ^he invention provides, in a general sense, a CD4-related 

progression of the disease is only slowed. ligand having binding affinity for retroviral env 

Various alternative or additional approaches to the treat- determinants, wherein the binding ligand is conjugated to a 

ment of HIV infections have been studied. One approach, toxin molecule such as a toxin A chain or functional equiva- 

which at one time was thought might prove particularly lent thereof. The retroviral env binding ligand of the present 

beneficial, was the use of cell surface adhesions to prevent ^ invention is termed a "CD4 gpl20 binding ligand". For the 

viral attachment to target cells (23-25). This approach purposes of the present invention, a "CD4 gp!20 binding 

involves the administration of isolated CD4 molecules or ligand" is defined as CD4 or a CD4 derived or variant 

variants thereof to AIDS patients in an amount that will protein or peptide which is capable of binding to the gpl20 

theoretically attach to plasma-borne virus particles released C nv glycoprotein. 

from infected cells. By attaching to circulating virus par- 3J a variety of CD4 proteins and peptides are known that 

tides it was hoped that the CD4 or variant would serve to w m complex with gpl20 and will thus serve the purposes of 

prevent viral attachment to target cells, and thus interfere me invention. For example, the "extracellular segment** of 

with the infection process. the CD4 protein, also referred to as "soluble CD4", is that 

Another approach to the treatment of HIV infections portion of the molecule that interacts with extracellular 

which has been mentioned involves the application of ^ substances, and it is this extracellular portion that interacts 

immunotoxin technology to "target" cells susceptible to HIV with HIV env deterrninants. Thus, the extracellular segment 

infection with a cytotoxic reagent Immunotoxins are con- of CD4, env-binding domains and peptides derived 

jugates between an antibody, typically a monoclonal therefrom, including peptides mcorporating biologically 

antibody, and a toxin molecule, such as the A chain of the functional equivalent amino acids which serve the same 

plant toxin, ricin. It has been shown that conjugates of toxins 45 purposes of binding to env domains, and the like, arc 

and cell-reactive ligands can specifically delete targeted considered to be 44 CD4 gp!20 binding ligands" for the 

cells both in vitro and in vivo (26). Such conjugates kill cells purposes of the present invention. 

after endocytosis of the conjugate-antigen complex and The novel constructs of the present invention are 

translocation of the A chain into the cytosol where it inhibits employed by administering therapeutic amounts of gpl20 

protein synthesis (26). 50 binding ligand-toxin conjugates to an individual in need of 

Irnrnunotoxin approaches which have been proposed for such therapy, such as an individual infected with HIV. 

the treatment of HIV infections include the use of toxin Surprisingly, it has been discovered by the inventors that 

coniueates of HIV env glycoproteins or other retroviral such constructs serve to selectively kill HIV-infected cells 

wotems (27.28) With regard to toxin conjugates of retro- while leaving non-fflV-infected cells relatively intact and 

viral env proteins, it is proposed that structures such as 55 unaffected. A further surprising *^ T ^*^ v ? atl ^ n 

epl20 or gp41 molecules conjugated with cytotoxic reagents involves the discovery that by treating HIV-infected cells 

wfll serve to target the toxin moiety to. and thus kill, those with such an immunotoxin. the cells do not release viral 

cells that are the most likely to harbor HTV. the CD4 + T-cells. particles in a manner that leads to further infectiviry^ Tnis 

In this manner it is hoped that the vicious cycle of infection aspect is important because it could not have been predicted 

and viral replication can be broken. 60 a priori that specific targeting of a toxin to HIV-laden cells 

Alternatively it has been proposed to employ immuno- would have a beneficial effect T*at is one wouM have 

^T^no^u^^ of anuUes having predicted that the killing of ^^<^ 

specmrityfordmeren^ ***** to rcleasc ™V. parudes and therefore actuaUy 

S Activity is predicated on the observation that HIV enhance infectivity. The inventors have discovered that this 

infected T-celis tend to exhibit retroviral env determinants 63 is not the case. 

on their cell surfaces. Thus, it is proposed that such immu- In certain embodiments of the invention, the CD4 gpl20 
notoxins will specifically recognize HIV infected cells by binding ligand will thus comprise a soluble CD4 molecule 



5Jt 

5 

such as a native CD4 molecule comprising all regions* 
except for the transmembrane domain. Particular benefit 
may be realized where one employs so called "soluble" 
CD4. which is the "extracellular** portion of the native CD4 
molecule wherein the hydrophobic leader and transmem- 
brane regions have been removed, for example, by recom- 
binant DNA technology. For particular techniques relating to 
the recombinant preparation of CD4. including CD4 variants 
and derivatives, one may wish to refer to references 23-25, 
incorporated herein by reference. 

However, research has shown that approximately one- 
third of AIDS serum completely blocks soluble CD4 from 
binding to gp!20. about one-third of AIDS serum reduces 
soluble CD4-gpl20 binding, and about one-third of AIDS 
serum does not effect CD4-gpl20 binding. In the present 
invention, the inventors demonstrate that this blockage or 
reduction in CD4-gpl20 binding is due to anti-gpl20 anti- 
bodies which are present in most HIV* sera. A surprising and 
unexpected finding of the present invention was that even 
though anti-gpl20 antibodies block the binding of soluble 
CD4 to gpl20. these antibodies did not block the CD4 
binding site. This finding was demonstrated in the present 
invention by showing that CD4-peptides and CD4-peptide 
conjugates bind gpl20 in the presence of HTV^ sera which 
blocked the binding of soluble CD4. 

Therefore, in still further embodiments, rather than using 
the entire CD4 molecule, or a soluble CD4 variant molecule, 
one may wish to employ as the gpl20 binding ligand a short 
peptide or portion of a CD4 domain which includes a gpl20 
binding region. In this regard, it has been found that the first 
domain of CD4 includes the gpl20 binding region within its 
structure. Thus, for the purpose of the present invention, one 
may wish to employ a peptide which includes within its 
structure at least the gpl20 binding region of domain 1 of 
CD4. Domain 1 is typically thought to include amino acids 
1 to 100 or 109 of CD4, wherein -25 is the initiating MET 
residue of the leader (see reference 23, for example). The 
application of recombinant DNA technology can be 
employed to prepare suitable CD4 peptides which include at 
least the domain 1 of CD4 and derivatives therefrom and 
equivalents. Although domain 1 contains the gpl20 binding 
site, peptides comprising portions of the first two domains of 
CD4 as a binding ligand may provide advantages. 

It will be generally desirable to prepare constructs which 
incorporate a gpl20 binding ligand which does not impart a 
class II binding activity to the conjugate. Class n sites are 
found on class n major histocompatibility antigens (MHQ 
which distinguish cells on their ability to interact immuno- 
logically. Hence, cell bound-CD4 binds to cell bound-Class 
n molecules and allows CD4*** cells to physically interact 
with Class IT cells. This is the basis by which d>T interact 
with Class IT monocytes or B cells. Although soluble CD4 
does not appear to bind to class IT cells in vitro, this could 
be a problem in vivo. If binding (fid occur in vivo Class IT 
cells would be killed. 

Although various regions within the first or "VI** domain 
of CD4 have been proposed as gpl20 binding sites. The 
exact location or locations within the VI region has been 
controversial. Reports have variously placed a gp!20 bind- 
ing site at within amino acids 18-44 (95). 41-57 (96), or 
81-92 (68) of CD4. These sites are said to be involved in 
either syncytia formation and/or direct binding of gpl20 to 
CD4 (97. 98). With regard to peptide 81-92, it is indicated 
that the Cys at position 84 and the Glu at position 85 should 
be benzylated for the peptide to inhibit syncytia formation 
(68). It is further pointed out that the binding ligands that 
include 41-57, and more preferrably 41-84. are particularly 
preferred for use in the practice of the present invention. 



asm 

6 

The present inventors have discovered that peptides incor- 
porating amino acids 41-57 have particular advantages 
when used as gpl20 binding ligands in accordance with the 
present invention. For example. CD4 peptide (41-84)-OVA 

5 and (41-57)-OVA constructs were shown to bind gpl20 in 
the presence of HIV* sera, which blocked the binding of 
soluble CD4. Of the peptide-protein conjugates tested, CD4 
peptide 41-84 was most effective at binding gpl20 in the 
presence of HIV* sera. 

10 Therefore, in particular embodiments of the invention, the 
gpl20 binding ligand will be defined as comprising a protein 
or peptide which includes within its sequence a relatively 
short stretch of amino acids capable of binding to gpl20. 
One particularly useful sequence for incorporation into 

15 peptides for this purpose includes amino acids 41-57 of 
CD4: 

-Gly-Ser-Phe-Leu-Thr-Lys-Giy-Pro-Ser-Lys-Leu-Asn- 
Asp-Arg-Ala- Asp-Ser- ; 

or its biological functional equivalent Another particularly 

20 useful sequence for incorporation into peptides for this 
purpose includes amino acids 41-84 of CD4: 

-Gly-Ser-Phe-Leu-Thr-Lys-GIy-Pro-Ser-Lys-Leu-Asn- 
Asr>-Arg-Ala-Asp-Ser-Arg-Arg-Ser-Uu-Trp-Mp-Gln-Gly- 
Asn-Phe-Pro-Leu-ne-De-Lys-Asn-Leu-Lys-De-Glu-Asp- 

25 Ser-Asp-Thr-TVr-De-Cys-; 

or its biological functional equivalent 

Amino acid sequences such as the foregoing can be 
employed directly as a short peptide ligand or can be 
incorporated into a larger peptide or protein structure which 

30 nevertheless retains the ability to bind to gpl20 binding sites 
by virtue of the binding region contained within this peptide. 
For the preparation of such constructs, one may choose to 
employ recombinant DNA technology or. alternatively, sim- 
ply prepare the peptidal construct by means of peptide 

35 synthesis technology. Peptide synthesis provides particular 
advantages in terms of ease of preparation and purity, and 
can be applied to conveniently prepare peptides of 40 to 50. 
or even 100, amino acids in length. 

In further embodiments, multivalent peptide-protein con- 

40 jugates may be generated, wherein multiple peptides are 
incorporated per molecule of protein. Particular advantages 
over free peptide or monovalent peptide-protein conjugates 
may be obtained by constructing multivalent peptide-protein 
conjugates. For example, multivalent conjugates increase 

45 the number of interactions between CD4 peptides and HIV- 
infected cells displaying many GP120 molecules, and can 
result in an increased binding affinity of the conjugate for the 
infected cell In particular embodiments, multivalent conju- 
gates will be generated which contain three to five CD4 

50 peptides per molecule of protein. In these embodiments, 
multivalent constructs, such as conjugates comprised of 
multivalent CD4 peptides-protem-toxin. may be generated 
which provide significant advantages in HIV therapy. 
It is proposed that it will be advantageous to, in general. 

55 prepare relatively small conjugates which carry out the 
respective functions of binding and toxin delivery. It is 
believed that the use of such a relatively short binding ligand 
will prove desirable, and provide potential advantages, 
including 1) the absence of a class n binding site; 2) 

€0 decreased antigenicity of the conjugate; 3) better penetration 
of the conjugate into tissues; 4) a lack of carbohydrate on the 
peptide as compared with native CD4. which might prevent 
"liver-homing"; 5) a lower production cost with no need for 
the use of transf ected cells to express the CD4 gene; and 6) 

65 the ability to bind gpl20 and other viral antigens (e.g.. 
GP41) expressed on HIV-infected cells in vivo, even when 
anu*-gpl20 antibodies are present which would block the 
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binding of larger binding ligands. such as soluble CD4 or such as 10 and 90. incorporated herein by reference. Disul- 
CD4-ricin A conjugates. coupling may be achieved directly between cysteine 

Since CD4-pcptide (41-S4)-OVA constructs were highly residues of the respective proteins, e.g.. by means of disul- 
effSve at bintog to gpl20 in the presence of HIV* sera. fide exchange n^ons where* the protem is reduced and 
T^t^cnaicLZ^utofth^escnliny^onw^i 5 w.th EUnjan 's reagent However doc ctd^dfidc 

. Z,- M \- bond formation between the binding ligand and toxin will 

employ CD4 peptide ^^.^^^^^T generally not be preferred, since the cysfdne in the ligand is 
protein constructs capable of binding gpl20 in the presence ^ ^coupling. Rcduc tion of the cysteine in the 

of anti-gpl20 antibodies. Ligand. to provide reactive SH groups, may damage the 

In more particular embodiments. CD4 peptides which functional integrity of the ligand. Moreover, when the toxin 
comprise a portion of the CD4 peptide 41-84 sequence may 10 Ugao(J fe without a "spacer", the binding site of the 

be employed as binding ligands in peptide-protein constructs ii ganc i M y be stoically hindered. 

capable of binding gpl20 in the presence of anti-gpi20 Accordingly, one will generally find it preferable to 
antibodies. For example. CD4-peptide (41-57)-protein con- employ cross-linking groups which will provide improved 
ju gates and others, such as CD4 residues 28-58 (95). 41-55 release characteristics and resultant therapeutic parameters, 
44_52 (95). 36-62 (108). 77-85 (108), and 81-92 (68), 15 a variety of CTOSS-linkers having disulfide groups are known 
could be constructed to provide particular benefits in HIV i n mc art, as exemplified by SPDP. SXTA. 2IT and SMPT 
therapy. Exemplary benefits of using small peptides in ( 10). Generally speaking, suitable cross-linkers will include 
therapeutic constructs include the ease of synthesizing small structures 1) having the ability to covalently coupled to 
peptides and the ability to avoid interference in their activity amino groups of lysine, or the like; and 2) incorporating a 
by HIV antibodies in vivo. 20 disulfide or other desired reieasable functionality. Useful 

In preferred aspects, one will desire to employ peptide- groups of cross-linkers include the heterobifunctional cross- 
protein conjugates incorporating a CD4 peptide having from linkers described above. 

at least about 12 to about 50 amino acids, with peptides of Particular useful cross-linkers found to have desirable 
about 40 amino acids in length being preferred. R is pro- characteristics in terms of stability, yields and long in vivo 
posed that binding ligands of this length will provide par- 25 half-lives of resulting conjugates include SATA 
ticular benefits relative to much larger proteins or peptides (N-succiiiinudyl-S-thioacetate) and SMPT (N-sucanimidyl- 
in terms of greater Distribution, decreased metabolic oxycarbonly-a^-memyl-alphaK2-pyridyl-ditmo)toluene) 
destruction, absence of a class II-binding site, decrease liver containing unhindered and hindered disulfide bonds, respec- 
homing and thus metabolic destruction, and access to gpl20 lively. SMPT is particularly preferred, jUso anomer pre- 
determinants on HIV virus and HIV-infected cells. 30 f erred cross-linker is SPDP. A variety of additional runc- 

In embodiments wherein relatively short peptides are tionalists for the purposes of cross-tinking conjugates in 
employed as binding ligands. it is proposed that certain accordance with the present invention are known in the art 
advantages, including higher affinity, better spatial configu- and can be substituted for those referred to herein, 
ration and longer half-life, may be realized through incor- In still further embodiments, one may desire to employ 
Deration of a linking spacer region between the peptide and 35 one or more additional linking peptide region composed of 
the toxin chain. Exemplary spacer regions include virtually immunoglobulin-related or derived regions, eg., ligated to 
any serum soluble, preferrably autologous protein, partial- the amino or carboxy terminal of either the binding ligand or 
larly proteins such as BSA. HSA. OVA. poly-gly. poiy-ala or the toxin. The inclusion of an immunoglobulin "constant 
the like or even non-protein structures such as bis- chain region. eg., into the gp 120 binding ligand portion of 
imidoesters or N-hydroxysuccinimide esters. • 40 CD4-toxin conjugates will allow the binding protein to be 

The ligand-toxin conjugate composition of the invention "spaced" from the toxin portion such that steric hindrance is 
will typically comprise a gpl20 binding ligand conjugated to avoided, as well as providing a longer in vivo half-life, 
the toxin molecule or spacer region through a disulfide Where one employs an immunoglobulin constant region 
linkage. This is because it has been found that the disulfide domain, one may employ suitable regions from hinge region 
linkage Is important where one desires to employ ricin A 45 or Fc region of the heavy chain. 

dnahf in the conjugate in connection with ami-cellular The toxin molecule of the present invention wm typically 
therapy While the mechanism is not entirely dear, it appears comprise a toxin A chain or toxic derivative thereof. Numcr- 
as though a disulfide linkage allows decoupling and subse- ous A chains believed to have suitable anu-celluiar propcr- 
quent internalization of the ricin A chain moiety delivered to ties in the practice of the invention are known in the art 
target cells by me binding ligand. thereby freeing the A chain so Exemplary A chains which may be employed in connection 
moiety to exert its anti-cellular effect. Of course, where one with the invention include the A chain of nan. pseudomonas 
does not intend to employ such constructs for anti-cellular exotoxin, diphtheria toxin, modecan or abrin. or the "free A 
therapy, for example, where one seeks simply to prepare chains", known as ribosome-inactivating proteins, e.g.. 
antibodies against, e.g.. rCM-dgA conjugates, or use rCD4- gelonin. saponin. Of these, the nan A chain molecule is the 
d*A in a binding assay for. eg., anti-dgA or anti-CD4 55 most preferred due to its high intrinsic anucellular activity 
antibodies, the disulfide linkage will not be crucial. and the clinical experience in humans indicating only mod- 

It is proposed that the configuration of cross-linking est side effects, 
between ricin A chain and binding function is an important In addition to the whole A chain molecule, one may desire 
consideration in that this configuration appears to play an to simply employ that portion of the A chain that is necessary 
important role pharmacologically. This is likely a function of 60 for exerting anticeUular effects. For example, it has been 
a somewhat complex set of variables, including the vulner- found that the ricin A chain molecule can be truncated by 
ability of the disulfide bond to "decoupling" as well as its removal of the first 30 amino acids and nevertheless obtain 
ability to release the toxin upon binding on the surface of a toxin molecule mat exerts sufficient anticeUular activity to 
tareet cells. be of use in connection herewith. Such termination is 

The general construction of conjugates by means that will 65 achieved by either genetic engineering or proteolytic 
provide a disulfide bond between the binding ligand and the degradation, eg., with Nagarase (91), the product being 
toxin A chain is known in the art as reviewed in references referred to herein as "truncated" A chain. 
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la the more preferred embodiments of the present 
invention, a deglycosyiated A chain such as deglycosyiated 
ricin A chain (dgA) or variants Thereof is employed. Deg- 
lycosyiated A chain is A chain that has been treated so as to 
destroy carbohydrate moieties (e.g.. mannose. fucose) which 
are incorporated into naturally produced A chain molecules. 
It has been found that the presence of mannose/fucose on the 
oligosaccharide side chains of the A chain promote rapid 
clearance by the liver and reduced therapeutic effect of the 
toxin or A chain by hepatic reticuloendothelial cells which 
have receptors that recognize these structures. The inventors 
have found that through the use of deglycosyiated A chains, 
one may achieve particular advantages in terms of both 
increased potency and increased half life of the conjugate 
and reduced hepatotoxicity in the circulation, by preventing 
the clearance of the conjugate by the liver parenchymal 
cells. 

While deglycosyiated ricin A chain is preferred there is 
no reason that other nonglycosylated toxin A chains or 
ribo some -inactivating protein could not be employed in 
connection with the invention. In any event the preparation 
and use of deglycosyiated A chain is known in the art as 
illustrated by references such as Thorpe et at (59) and 
Fulton et al. (60). both incorporated herein by reference. 
Moreover, deglycosyiated A chain is now available com- 
mercially from Inland Laboratories. Austin. Tex. 

Additionally, the preparation of ricin A chain by recom- 
binant means is now known, as exemplified by 0*Hare et al. 
(60). incorporated herein by reference. Thus, as with the 
CD4 portion, it is now possible to alter the amino acid 
structure through the application of in vitro mutagenesis 
technology. Through the judicious selection of amino acid 
sequence alterations or modifications based on knowledge of 
interactive forces between amino acids, one can readily 
modify or alter the A chain sequence and provide a means 
for selecting variant proteins having improved toxicity, 
pharmacologic or release properties. 

In still further embodiments of the invention, it is con- 
templated that several CD4 gpl20 binding ligands may be 
conjugated to a single toxin A chain moiety. It is proposed 
that such constructs, containing up to. for example. 5 or so 
gpl20 binding ligands per toxin moiety, will find particular 
therapeutic benefits. It is. for example, believed that such 
constructs will have a particular high binding affinity for env 
targets of HIV infected cells, thereby providing enhanced 
ability to deliver toxin to these infected cells and thereby kill 
man. 

It has been found by the inventors that ricin B-chains 
alone, or coupled to antibody, can serve to greatly enhance 
the specific cytotoxicity of immunotoxins containing ricin. 
B chains are the "lectin" binding regions of the toxin 
complex that are responsible for the native toxin's broad 
ranging cell-binding capability. The inventors have discov- 
ered that not only do B chains stimulate immunotoxin 
action, but that one can "separate" pharmacologically this 
action from the cell-binding function by chemical heat 
modification of the B chain (88). It is thus proposed that the 
application of toxin B chains in combination with the A 
chain conjugates will provide advantages in terms of even 
further specific cytotoxicity against HIV infected cells. 

While the B chain can be employed in an "unmodified" 
state while conjugated to a separate binding agent such as 
an antibody having binding affinity for a CD4-toxin conju- 
gate (87). this will generally not be preferred. A more 
preferred construct employs a '^modified" B chain that has 
been altered to remove regions responsible for carbohydrate 
binding. Generally this will include modifications involving 
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at least the amino acid residues Asn-255 (and perhaps 
Tyr-248 and/or Asp-234). such as through the application of 
genetic, engineering techniques to the cloned ricin B chain 
(89). 

5 Thus, in accordance with certain embodiments of the 
invention, one will desire to employ a modified B chain 
either disposed in the form of an additional conjugate onto 
the CD4 env binding ligand-toxin conjugate, whether it be 
attached to the toxin or binding ligand segment or on a 

10 separate binding ligand having specificity for the first. 

In still further embodiments, the present invention con- 
cerns improved methods for the preparation of ligand-toxin 
conjugates. A particularly useful method involves, first 
preparation of a gpl20 binding ligand which has been 

15 derivatized with a selected linker, followed by incubating 
the derivatized binding ligand with a reduced form of the 
selected toxin A chain. Of course, a linker is chosen for 
derivatization which is capable of covalently binding with 
the reduced toxin moiety, and vice versa, yet capable of 

20 releasing the active toxin intracellulariy. 

The inventors have discovered that an improved prepa- 
ration is achieved by incubating this mixture for shorter 
periods of time than typically recommended for the prepa- 
ration of immunotoxins. which are typically prepared by 

25 incubation for 72 hours. In contrast in connection with toxin 
conjugates of this invention it has been discovered that it is 
preferable to subject the reactants to attachment conditions 
of less than 72 hours. Under these conditions, it is found that 
the resultant conjugate mixture is surprisingly free of aggre- 

30 gated material relative to compositions wherein reactants are 
subjected to longer periods of attachment conditions. 
Moreover, the preferred techniques of the present invention 
are particularly applicable to large scale preparation, capable 
of providing generally less aggregated conjugates in higher 

35 yields, improved sterility, or even lower endotoxin content 
As used herein, the phrase 'large scale" is intended to 
refer to those reaction mixtures wherein the design is to 
prepare quantities of greater than about 1 gram of total 
product often on the order of 2 to 5 grams, or even more. 

40 This is as. compared to more "small scale" preparations 
ranging up to about 0.1 grams. 

The most preferred conditions for covalently attaching the 
derivatized gpl20 binding ligand to toxin moiety include 
incubation under attachment conditions for between about 

45 12 and about 72, with about 18 to 36 often being particularly 
useful, and with about 24 hours often optimal. 

Of course, the preferred binding ligand, particularly for 
such large scale preparation, will typically be CD4. or an 
active subportion thereof, and the preferred linker will 

50 typically be SMFT. SATA or SPDP. 

Accordingly, an important aspect of the invention is the 
preparation of pharmaceutical compositions which incorpo- 
rate the CD4 gpl20 binding ligand-toxin conjugates in 
therapeutically effective amounts. Of course, where phar- 

55 maceutical compositions are prepared, one will desire to 
employ conjugates that are essentially free of unconjugated 
material and. further, does not contain any undesired impu- 
rities. Therefore, one will generally find it necessary to 
purify conjugates prepared in accordance with the invention 

60 through the application of purification technology. Disclosed 
herein are techniques discovered by the present inventors for 
isolating and purifying conjugates to a very high degree. 

In certain aspects, the present invention is thus directed to 
techniques for purifying immunoconjugates. including coo- 

65 jugates such as the gpl20 ligand-toxin conjugate. Particular 
techniques which have been found useful in the purification 
of conjugates in accordance herewith include affinity chro- 
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matography techniques employing Blue-(or Red) lymphokinc receptors such as alpha-IL2R or alpha-IL4R. or 

Sepharose. Sepharose conjugated to recombinant gpl20, even antibodies against T-cells themselves, such as anti-CD4 

molecular exclusion chromatography on Sephacryl or even (so long as the antibody is directed against epitopes not 

gel permeation by HPLC. The best results in terms of found in the toxin conjugate being employed), CAmPXTH- 
rCD4-dgA conjugates have been achieved by combining 5 1. or anti-CD3. 5. 7. or the like. 

Blue-Sepharose with HPLC chromaic^graphy. DESCRIPTION OF THE DRAWINGS 

Pharmaceutical compositions comprising conjugates ot «iw-t 

the present invention are typically prepared by combining FIG. 1- Purification of rCD4~dgA conjugates, 

the purified conjugate with a pharmaceutical^ acceptable a ^ Blue Sepharose CL-4B (SMPT-dcrived conjugate) 

diluent or excipient for parenteral administration. A variety 10 ^ ^£4; 2) dgA 2 ; 3) rCD4-dgA; 4) dgAi 

of suitable carrier vehicles and their formulation are b) &phac?yl S-200HR (SATA-derived conjugate) 

described, for example, in reference 63. incorporated herein aggregated rCD4-dgA; 2) rCD4-dgA (molecular 

by reference. Suitable carriers include sterile aqueous solu- 8Q 3) dgA 

tions including ****** ^^ufZ "£ ,5 c) Sepharose-rgpl20 (SMFT-derived conjugate) 

protein and pH-stabilizing agents, salts and 1 Je bke^ is {dgA) . 2 ) bound and eluted at pH 3.0 

Topically, sterile aqueous compositions of the desired con- ' (rTTU-dvW 

jugate wiU include a dose concentration of between about „I?C;. ,„ , . . ... 

0 5 and about 1.0 mg/ml. to allow for administration of <D TSK 3000SW (SMPT-denved conjugate) 
convTaient amounts^ D f 2MCD4- dgA (molecular 

In certain embodiments, the appropriate dose of conjugate 20 mass 82 Kda); 3) i^.4)<igA. 

to be admLtered will be sorSwhaY dependent upon the FIG. 2. SDS-PAGE of rCD^gA an Irtsj protein compo- 

particular patient Those of skill in the art of immunotoxin cent, a) Molecular weight standard; b) rC^dgAprqjarcd 

administration will appreciate that one will desire to admin- with SMPT (or SATA) from dgA or dgAji c) rCD4-dgA 

ister on the order of 200 to 400 rag of the conjugate is reduced with S% 2-mercaptoethanol; d) rCD4-dcnvauzed 

employed (for an average 70 kg human), depending upon the 25 with SMPT (or SATA; e) dgA. ,„,,., , 

^nce of untowarf side effects such as vascuErleak FIG. 3. The rCD4-dgA conjugate is toxic to HIV-infected 

syndrome (VLS). myalgia, fatigue and/or fever. Other con- H9 cells; 

Simons include fteluirninisWion of the conjugates in A) The human T cell line H9 chronically urfected w.th 

1 7 fractional doses KTV-I (one representative experiment of four); 

'it is further proposed that additional benefit will be 30 B) Uninfected H9 cells (one representative experiment of 

realized by the application of chloroquine alone or together four). iu„A,«in<i„H 

with the^onjugltes of the present invention. It has been The iCD4^gA(-o-). Fab^MOPC-21-dgA(-»-) (76). and 

found by the toventors thTchloroquine alone exhibits rCW (A) were plated in tnphcate ,n 96-weU rnicrotuor 

significant anticeUular activity against HIV infected cells. in complete medxum IRPMLU* fe*^»wum 

Furthermore, chloroquine will act in concert with the toxin 35 (FCS). and anUb.otics). CeUs were added at a final concen- 

Ljugates of the^sent invention to improve ti^eir anti- ^^^^^^'Sff^rTSS'SS 

HIV efficacy. In both instances, it is suggested or has been *°' 16 hours at 37° C . (5% CO,). CeUs were pulsed for 6 

found that toe amount of chloroquine to be administered to hours with 1 uQ of [ 3 H]mynudme f77) and harvested on a 

a patient in need of such therapy will be similar to that Titretek automate harvester l»H]thynudme uicorporation 

amCt normally adnunisteredfor other indications of 40 was determined on an LKB Beta Counter Results are 

chloroquine. such as in the treatment of malaria. In general. W^<?£ a P?" 0 » gjf.™ 0 ** <" n 2^£5L. a 

^S»erSSsT" A ^ 10m ^ « S^S^i^S^^ 

reactions or tox- n^ncentnrion £ 4x10" "°M. Microtiter plates conUin- 

idry m^/dev^lop from the- administration of therapeutic ing HTV-Mected H9 cells were m<^te4 (^ymidrne 

impositions which contain toxin conjugates such as those was added, and me ceUs were harvested as *smT>ed rnHG. 

Ascribed herein. Possible side effects will range from slight 3. Results are expressed as me pcrcenUge of |*H)thyrmdu,e 

fever to myalgia and perhaps even VLS. Many of these side so incorporation in untreated cells. The ban represent the 

eff^ts w7mSy be Sable to a response of the immune average of four experiments. The SD among expenments 

system of the individual being treated. The inventors pro- was 20%. 

Se^afsle degree of relief from such syrnptoms can be . A { C ^T^^ M ^ 

realized through the application of one or more agents incubated for 1 hour at 37 C with 

directed to attenuating the immune response, including both 55 1) medium; . 

agents which address a possible T cell response as weU as 2) BSA. 25 ug/ml; and (3 to 5) rgpl20 at 0.125. 2.5 and 

any attendant NK cell including, lymphokine or cytokine 25 ug/ml, respectively. 

paction. B) Cells were treated with rCM-dgA, which had been 

It is therefore proposed that in certain embodiments one incubated for 1 hour at 37° C with 

will desire to administer agents such as high dose steroids or 60 1) medium; 

cyclosporin A. in order to address any possible B cell 2) MAb 456, 25 ug/ml; and 

component which may be responsible for side effects. Q Cells were incubated with rCD4 or controls at 37 C 

Furthermore, to address any possible T cell response, one for 1 hour. rCD4-dgA was then added at a final concentration 

may desire to administer and-lymphokine antibodies. of 4xl0" lo M. Cells were incubated, pulse-labeled, and har- 

inciuding agents such as anti-IL2 (anti-interieukin U).ALS. 65 vested as described in FIG. 3. rCD4-dgA-treated cells were 

or even Anti CD3. CD5 or CD7. Additionally, some benefit first cultured with 

may be realized through administration of antibodies against 1) medium; 
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2) BS A. 25 ug/ml; and (3 to 5) rCD4 at 0. 125. 2.5. and FIG. 17 shows inhibition of the binding of ICD4-HRP to 

25 ug/mL respectively. rgpl20 by 

FIG. 5. The rCD4-dgA conjugate does not kill class IT A. HIV sera (8 individuals) or HSA (- - -): 

Daudi cells. rCD4-dgA(«) or MAb to class II-dgA<79) (o) * HINT sera (8 individuals) or HSA (- - -). 

was titrated into 96-£u microliter plates. Daudi cells were 5 c ^^Z-,^ 10 , '^J 0 1 

added to a final concentration of 4x10 s per millititer. Tne 5x10^.15x10 * ^^J^ -andOJlxlO 'aad 

plates were incubated for 16 hours at 37" C. The cells were *<L«jrv« were f"^**"**- ^^^^ 

v - . . . . c FIG. 18 snows absoiption or sera oq rgpl^(K>epnarose. 

centnfuged re^ended m leuane-free mediur^ pulse- A . Sep harose and rCD4-Sepharose. 

labeled with [ 3 H]leuane (5 uCi per well), and harvested as v A ^ 

described in FIG. 2. One representative experiment of three 10 fi * 

that were performed is shown. wcre passe d over sma jj chromatographic columns packed 

FIG. 6. rCD4/rgpl20 competitive binding assay. The w|th 3 ^ of ^ following gels: rCD4-Sepharose (•); 

percent inhibition of fluorescent signal was calculated as gpi20-Sepharose (A); protein A-Sepharose (A): uncoupled 

100% (l-|sample-background)/(total signal-background)]. Sepharose 4B (□). (■)=oonchromatographed serum. 

The competitors were rCD4-SATA-dgA (■). rCD4-SMPT- 15 piG. 19 shows inhibition of the binding of rCD4-HRP to 

dgA (□) and rCD4 (0). The binding of each conjugate was gpl20 by rCD4 and CD4-peptides. rCD4 (□). CD4-peptide 

based on its rCD4 content The bars indicate the S.D. for the (41-84) (o). CD4-peptide (40-57)-OVA (•). CD4-peptide 

rCD4 curve. (81-92)-OVA (A) or OVA (A). 

FIG. 7. The toxicity of the three rCD4-dgA conjugates and FIG. 20 shows binding of CD4-derived peptides to 

OVA-dgA (control) to HIV-infected H9 cells. (0) rCD4- 20 rgpl20. CD4-peptide (41-84)-OVA (•); CD4-peptide 

SMFT-dgA; (•) rCD4-SXTA-dgA; (A) rOM-SMCC-dgA; (40-57)-OVA (o); CD4-peptide (81-92)-OVA (M). Control 

(A) OVA-SMTT-dgA One represeDtative experiment of 5 peptide-OVA and OVA (■). 

(SMFT) and 8 (SATA) is depicted. FIG. 21 shows inhibition of the binding of CD4-peptide 

FIG. 8. The elimination curves of rCD4-dgA conjugates (4t-84)-OVA to rgp!20 by 

and their protein components in mice. The results are from 25 A. HIV* sera (8 individuals) and 

one experiment of 3 performed. B. HIV* sera (8 individuals). 

-A-.rCD4-SMFT-dgA; -□-.rCD4-SATA-dgA; -0-.rCD4- See legend to FIG. 17 for dilutions used. 

SMCC-dgA conjugate; dgA; -A-. rCD4. DETAILED DESCRIPTION OF THE 

FIG. 9. The preparation of rCD4-dgA conjugates. PREFERRED EMBODIMENTS 

R=pyridyl; X=oxycarbonyl-a-methyl-toluene (protecting 30 , . 

the disulfide bond) ™ s invcDti0n relates to the preparation and use of 

FIG. 10. Kinetics of rCD4-dgA formation by reaction of CD4-toxin conjugates defined broadly as ^conjugates 

rCD4-MPT with dgA-SH. (•) rCD4-dgA (80 kDa); (0) between ^l^binduig ligands and a toxin A chain Prepa- 

rCD4^eA(aOTe«rted) ration of the CD4 moiety of the conjugate is generally well 

FIG. 11. Purification of rCD4-dgA. 35 known in the art as set forth in references 23-25. These 

A. Blue-Sepharose CL-4B (rCD4=35%; rCD4-dgA+ references describe the recombinant rweparation of CD4 and 
<teA=65%V CD4 variants, including "soluble" CD4 which is to be 

B. Sephacryl S-200HR (aggregated rCD4-dgA=10%; considered a preferred ligand for toxin A chain conjugation. 
rCD4-dgA=42%; dgA=48%). The preparation of toxin A chains from a variety of 

FIG. 12. SDS-PAGE ofrCD4-dgA and its components. 1) 40 species and sources is generally well known in the art, as 

rCD4; 2) dgA; 3) rCIVPdgA purified; 4) mixture of rCD4- exemplified by references such as reference 63. The term 

MFT+dgA-SH containing free dgA (30 kDa). free rCD4 (45 "toxin A chain" is thus intended to encompass all toxin A 

kDa). rCD4-dgA conjugate (75 kDa and 97 kDa) and chains, including ricin. diphtheria, modecciiu afcrin, and the 

aggregated rCD4-dgA conjugate (120-150 kDa). ^ as well as biological functional equivalents of these A 

FIG. 13 sets forth the primary structure of the first 100 45 chains. As noted in the Summary section above, nan A 

amino acids of CD4 containing the V 1 domain. Amino acids chain will generally be preferred in the practice of the 

78-94 is the region identified by Jameson et al. (95). 4 1-55 invention. Furthermore, in that the cloning of nan A chain 

by Antros et aL (96), and 81-92 by Lifson et al. (68). There has now been accomplished (69), this molecule can be 

is a disulfide bond between the cysteine residues at position engineered to provide toxin A chains having variant struc- 

16 and 81. Amino acids 1-94 represent the VI domain, and 50 ture and "tailored" biological properties. Furthermore, the 

94-112. the Jl segment use of degiycosylated Achain is particularly preferred due to 

FIG. 14 graphically demonstrates the inhibition of HRP- the improved phannacodynamics of this molecule in relation 

labeled CD4 binding to gpl20-coated cells by peptide to ricin A chain. 

41-57— BSA conjugate. The rCD4 concentration (uM) (A) The most preferred gpl20 binding ligand will generally 

is represented by (-•-). while Pcptide-S-S-BSA concentra- 55 be smaller peptides which incorporate CD4-derived gpl20 

tion (uM peptide) (B) is given by (-0-). binding regions into their structures. Preferably, the peptidyi 

FIG. 15 shows the killing of fflV-l-infected human H9 regions that are employed will be ones that do not include 

cells by CD4-dgA and peptide (41-57)-S-S-BSA-S-S-dgA. sequences that recognize and bind to Class II binding sites 

The effect of peptidc-S-S-BSA-S-S-dgA on fflV-H9 is rep- that are normally recognized by CD4. This is somewhat 

resented by (o). of rCD4-dgA on HEV-H9 by (A), and 60 important in that many Class IT cells will not generally be 

peptide-S-S-BSA-S-S-dgA on H9 by (A). HIV infected. Thus, any targeting to Class H cells will be 

FIG. 16 shows the primary structure of a portion of the contraindicated in that it may tend to deplete the body of 

ricin A chain molecule, including the hydroxyiamine split- uninfected cells, rather man directly addressing the HIV 

ting point (141-142). the CNBr splitting points (174. 188. infection. Accordingly, one will generally desire to employ 

and 253). a "hidden* 1 cysteine residue that does not react 65 a gpl20 binding ligand that is devoid of class n binding 

with DTNB (171). and the cysteine residue involved in the activity and will direct the toxin conjugate only to cells 

binding of B chain or gpl20 binding peptide (257). bearing HIV-derived env determinants. 
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It will therefore be generally desirable in the practice of 
the invention to employ peptides having a gpl20 binding 
sequence derived from the domain 1 of CD4 (domain 1 
comprises about amino acids 1 to about 10W109 of the CD4 
amino acid sequence, with the pre -domain 1 leader sequence 
comprising amino acids -25 to -1, see reference 23). 
Domain 1 is. of course, encompassed within the entire CD4 
protein. Thus, where desired, the entire CD4 protein can be 
employed in the practice of aspects of the invention. 
However, the use of the native CD4 protein will generally 
not be desired due to the size of the molecule, rendering it 
undesirable pharmacologically, as well as its propensity for 
binding to Qass II targets, rendering it undesirable thera- 
peutically. 

A possible means of addressing these problems, as noted 
above, is through the use of "soluble" CD4 which, for 
unknown reasons, fails to bind to Qass H targets even 
though a Qass II binding site is apparently contained within 
either the first or second domain of CD4. or at their juncture. 
However, even soluble or extracellular CD4 is nevertheless 
a relatively large ligand. comprising some 368 amino acids, 
and thus is not ideal 

The ideal binding ligand. for the purposes of the present 
invention, will be a ligand bearing just enough of an amino 
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persistence in circulation. In any event it is proposed that 
the use of any serum soluble protein or non-protein 
macromolecule. particularly autologous proteins, will find 
utility in accordance herewith. 

Further, where the 41-57 region of CD4 is employed 
directly, the inventors have found it beneficial to incorporate 
a short stretch of additional amino acids at its carboxy 
terminus prior to conjugation. It is believed that the use of 
these additional amino acids serve to prevent steric hin- 
drance between the binding region and the spacer molecule, 
allowing freer rotation of the binding region. The inventors 
routinely employ the addition of the two amino acids 
-Ala-Cys to the carboxy terrninus. The use of a cysteine 
residue as the carboxy terminus allows conjugation directly 
by disulfide bond formation. However, it is believed that the 
length and sequence character of this region is not particu- 
larly crucial, so long as it provides good accessability to its 
associated binding ligand. 

Even more particular advantages may be obtained by 
employing CD4 peptidal regions comprising from about 25 
to 50 amino acids in length, such as represented by amino 
acid residues 41-S4. The amino acid sequence of this 
portion of CD4 is: 



41 45 50 55 

— G]y — Ser— Pbe— Leu — Thr — Lys — Gly — Pro — Ser — Lys — Leu — Am — Asp — Arg — Ala — Asp Ser 

60 65 70 75 

—Ajg—ser— Leu— Trp— Asp— GId — Gly - Asa — Phc - Pro— Leu — lie— Be — Lys- Asn— Leu— Lys— 

80 

Ik— Ghi— Asp— Ser— Asp— Thr— Tyr— Ik— Cys — 



acid sequence so as to adequately form a complex with the 
env determinant and thereby deliver the toxin to HIV 
infected cells. Thus, one possible ligand that will serve as an 
improvement to the aforementioned "soluble" CD4 is a 
peptide corresponding essentially to the first domain of CD4 
(amino acids 1-100/109). or a biologically functional 
equivalent of such a sequence (see FIG. 13). The inventors 
have, e.g.. found that immunoconju gates containing cither 
the four extracellular domains of CD4 (98, 99), or its first 
two domains coupled to dcglycosylated ricin A chain (dgA) 
can selectively kill HIV-infected cells with ICjq, of 10~ 10 to 

ur*M. 

However, it is proposed that still other advantages over 
soluble CD4 will be realized through the use of even shorter 
peptidal regions, such as represented by amino acids 41-57 
of CD4 (measured with the initial MET as -25). The amino 
acid sequence of this portion of CD4 is: 

41 45 50 

Gly — Ser— Phe— Leu— Thr— Ly»— Gly — Pro— Sex— Lys— Leu- 



s The inventors have demonstrated that the CD4 (41-84) 

3 ~ peptide is even more effective as a gpl20 binding ligand 
than the CD4 (41-57) peptide. Although CD4 (41-84) 
peptide can interact with gpl20, increased affinity results 
when the peptide is coupled to a macromolecule. forming a 
gpl20 binding ligand-macromolecule conjugate. As dis- 

40 cussed for peptide CD4 (41-57) above, optimizing the 
combination of spacers. gpl20 binding ligands (e.g., CD4 
(4t_57)], macromolecules. and toxins may yield conjugates 
with many beneficial functions, e.g., the incorporation of 
multiple binding ligands and toxin molecules per conjugate, 

45 higher affinity for gpl20 on the virus or env determinants on 
HIV-infected cells, better spatial configuration, or longer 
conjugate half-life in circulation. 

For example. CD4 (41-84) was shown to have a higher 
affinity for gpl20 than CD4 (41-57) or CD4 (81-92) after 

30 conjugation with a carrier protein such as ovalbumin (OVA). 
Although the affinity of CD4 (41-84}-OVA conjugates was 
less than the affinity of rCD4 for gpl20, CD4 (41-84)-OVA 

55 

-Asa— A*p— Arg— Aim— Asp— Ser 



The inventors have demonstrated that this sequence can constructs were capable of binding gpl20 in the presence of 
be used directly in gpl20 binding ligand-toxin conjugate, HIV* sera, whereas rCD4 binding to gpl20 was blocked by 
preferably in connection with a spacer region, such as BSA. 60 HIV* sera. TTie blockage of rCD4 binding to gp 120 by HIV* 
HSA. N-hydroxysuccinimide esters or the like, placed sera was caused by anti-gpl20 antibodies, which would 
between the binding ligand and the toxin. It is believed that likely block the attachment of CD4-toxin conjugates to 
such spacer regions may serve many possible beneficial either gpl20 on the virus or env on HIV infected cells, 
functions not the least of which is the ability to incorporate Consequently. CD4-based therapies for HIV infection would 
a relatively large number of binding ligands or even toxin 65 be ineffective if inhibitory anti-gpl20 antibodies were 
molecules per conjugate. Other possible benefits include present. The construction of peptide-toxin conjugates that 
higher affinity, better spacial configuration or even longer bind gp!20 in the presence of anti-gpl20 is believed to offer 
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significant advantage for AIDS therapy by allowing toxin to 
destroy HIV infected cells expressing env which are inac- 
cessible to rCD4-dgA conjugates. Thus, in more particular 
embodiments, this invention would utilize conjugates of 
CD4 peptide (41-$4>-ricin dgA to destroy fflV infected 
cells, which may not be accessible to rCD4-dgA in AIDS 
patients with high anti-gpl20 titers. 

Thus, in preferred aspects, one will desire to employ as 
the gpl20 binding ligand a peptide incorporating the fore- 
going amino acid sequences, or a portion thereof, and having 
from at least about 12 to about 50 amino acids in length, with 
about 40 amino acids in length being preferred. It is pro- 
posed that binding ligands of this length will provide par- 
ticular benefits relative to much larger proteins or peptides 
in terms of greater biodistribution, decreased metabolic 
destruction, absence of a class H-binding site, decreased 
liver homing and thus metabolic destruction. 

Of course, where the peptide binding ligand is 17 amino 
acids in length, it will have a sequence consisting essentially 
of the first binding region shown above (Le.. CD4 41-57). 
However, where larger peptides are envisioned, it is pro- 
posed that all that is required is that the peptide will 
incorporate the above sequence in a manner which never- 
theless retains the intrinsic binding ability of this peptidyl 
region, e.g.. CD4 peptide 41-84. 

In addition to proteins or peptides which incorporate 
sequences or sequence regions derived from a consideration 
of the CD4 sequence, the present invention contemplates 
that such sequences can be varied and nevertheless obtain 
peptide sequences that will serve the function of gpl20 
binding. For example, it is proposed that certain amino adds 
may be substituted for other amino acids in a protein 
structure without appreciable loss of interactive binding 
capacity with complementary structures such as the gpl20 
binding regions found in CD4. It is thus hypothesized by the 
present inventors that various changes may be made in the 
sequence of gp!20 binding ligands without appreciable loss 
of, and perhaps even improved, binding capacity. 

The importance of the hydropathic index of amino acids 
in conferring interactive biologic function on a protein has 
been discussed generally by Kyte et aL (86), wherein it is 
found that certain amino adds may be substituted for other 
amino acids having a similar hydropathic index or core and 
still retain a similar biological activity. As displayed in the 
table below, amino acids arc assigned a hydropathic index 
on the basis of their hydrophobiciry and charge character- 
istics. It is believed that the relative hydropathic character of 
the amino acid determines the secondary structure of the 
resultant protein, which in turn defines the interaction of the 
protein with substrate molecules. 



Amino Acid 


Hydropathic Index 


Iso leucine 


4.5 


Valine 


4.2 


Leucine 


^& 


Phenylalanine 


2.8 


Cysteine/cystine 


2-5 


Methionine 


1.9 


Alanine 


1.8 


Glycine 


-0.4 


Threonine 


-0.7 


Tryptophan 


-0.9 


Serine 


-0.8 


Tyrosine 


-13 


Proline 


-1.6 


Hirtidine 


-3.2 
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-continued 



Amino Acid 


Hydropathic Index 


Glutamic Acid 


-3.5 


Glutsnjme 


-3.5 


Aspmtic Acid 


-3.5 


Aspsragme 


-3.5 


Lysine 


-3.9 


Axginioc 


-4.5 



10 

It is proposed that peptides having like binding charac- 
teristics can be prepared when the exchanged amino acids 
are within ±2. and more preferably, within ±1 unit of the 
base amino acid. Thus, for example, it is believed that 

15 isoleucine. which has a hydropathic index of ±4.5, can be 
substituted for valine (+4.2) or leucine (+3.8). and still 
obtain a protein having similar biologic activity. 
Alternatively, at the other end of the scale, lysine (-3.9) can 
be substituted for arginine (-4.5). and so on. 

20 Accordingly, these amino acid substitutions are generally 
based on the relative similarity of R-group substituents. for 
example, in terms of size, electrophilic character, charge, 
and the like. In general, preferred substitutions which take 
various of the foregoing characteristics into consideration 

25 include the following: 



30 



35 



40 



45 



Original Residue 


Exemplary Substitutions 


Ah 


gly.ser 


Arg 




Asa 


gfau bis 


Asp 


glu 


Cys 


ser 


Gin 


asn 


Glu 


asp 


Gly 


ala 


His 


•so; gin 


He 


leu; val 


Leu 


ilc; val 


Lys 


arg; gin; glu 


Met 


leu; tyr 


Ser 


thr 


Thr 


ser 


Ttp 


tyr 


Tyr 


trp;pbe 


Val 


Be; leu 
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For the purposes of the present invention, such alterations 
and modifications in the gpl20 binding ligand. or for that 
matter in the toxin A chain portion of the conjugate, will be 
referred to as biologically functional equivalents of these 
structures. For the purposes herein, a "biological functional 
equivalent" will be considered a protein or peptide structure 
having a biological function that is similar in kind, but not 
necessarily in degree, to the parent molecule. 
As noted, the preferred toxin moiety for use in connection 
53 with the invention is toxin A chain which has been treated to 
remove carbohydrate residues, so called degtycosylated A 
chain. The inventors have had the best success through the 
use of deglyobsylated ricin A chains (dgA) which is now 
available commercially from Inland Laboratories. Austin. 
60 Tex. 

However, as noted above, in that it will generally be 
desirable from a pharmacologic standpoint to employ the 
smallest peptide possible that nevertheless provides an 
appropriate biological response. One may thus desire to 
65 employ smaller A chain peptides which will provide an 
adequate anticellular response. To this end. it has been 
discovered by other that ricin A chain may be "truncated" by 
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the removal of 30 N-terminal amino acids by Nagarase decoupling of the conjugate prior to its delivery to the site 

(Sigma), and still retain an adequate toxin activity (91). It is of action by the binding ligand. The SMFT ligand. as with 

proposed that where desired this truncated A chain may be many other known ligands. lends the ability to cross link 

employed in conjugates in accordance with the invention. functional groups such as the SH of cysteine or primary 

Alternatively, as with the gpl20 binding ligand portion of 5 amines (e.g.. the epsilon amino group of lysine). Another 

the construct, one will find that the application of recombi- possible type of cross-linker includes the heterobifunctional 

nant DNA technology to the toxin A chain moiety will photoreactive phenylatides containing a cleavable disulfide 

provide additional significant benefits in accordance the bond such as sulfosuccinimidyl-Z^p-azido saiicylamido) 

invention. In that the cloning of ricin A chain has now been ethyl- 13*-dithiopropionate. The N-hydroxy-sucdnimidyl 

enabled through the publication of O'Hara et al. (69). it is I0 rests primary amino groups (as amide) and the pheny- 

now possible to identify and prepare smaller or otherwise lazide (upon photolysis) reacts non-selectively with any 

variant peptides which nevertheless exhibit an appropriate amino acid residue. 

toxin activity. Moreover, the fact that ricin A chain has now Although the "hindered" cross linkers will generally be 

been cloned allows the application of site-directed p referrc< j m me practice of the invention, non-hindered 

mutagenesis, through which one can readily prepare and 15 lh±£[S ^ ^ cmp i 0 ycd and advantages in accordance 

screen for A chain derived peptides, for example based on hcrcwith nevertheless realized. Other useful cross linkers, 

the "biological functional equivalency* discussed above, Mt considcrcd to a protected disulfide, include 

and obtain additional useful moieties for use in connection s^TA. SPDP and 2-irainothiolane (10). The use of such 

with the present invention. aos5 linkers is well understood in the art 

The cross linking of the toxin A chain region of the 20 ^ whcfe onc does nQt desirc t0 employ ^ 

conjugate with the binding ligand region is an miportanl c fa J|s activity ^ use of a CTOSS u ^ Da 

aspect of the invention. As discussed in the Sumrnary a Sulfide faction is not crucial. Exemplary 

section, where one desires a conjugate having biological ^ delude ^ SMCC m% 

activity, it is believed mat a cross linker which presents a hen . mbclow Numcrous ^ po Ssiblc oon^isulfidc bond 

disulfide function is required. The reason for this in unclear. „ contaiain gaoss . Unkcrs ^ ^ owa ^ can be employed in 

but is likely due to a need for the toxin moiety to be readily accMdan * hercwiUt Such UM;S „ envisioned . for cxamp i e . 

releasable from the binding ligand once file Ugand has ^ tQ ^ m agaiflSt mc 

"delivered" the toxin to the targeted cells. Eachtype of cross . md wam$ to cnsurc ^ me conjugate "in^. 

linker, as well as how the cross Unking is formed, will r ^, ^ m yicdutioii of the animal 

tend to vary the pharmacodynamics of the resultant conju- 30 u$ £j to make ^ ^tibody. Such anU-CD4-toxin conjugate 

gate. Ultiniateiy. one deskes to have a conjugate that will andbodie$ wiU ^ uscful m a variety of lauding, 

remain intact under conditions found everywhere in the for c lc whcrc ^ dcsires to screen for the presence of 

body except the intended site of action at which point it is &c lcvck of conj te in a sclcctcd samplc . 

desirable that the conjugate have good Jrelease character- SJlchas in& clinical sample from a patient being treated with 

istics. Therefore, mcr^c^ 35 ^ conjugate. Numerous methods are known for preparing 

ing in particular the particular cross linking reagent used and antibod ^ and it is b^ved that all such methods will prove 

the structures mat are cross linked, will be of some sigmfi- fQf ^ p,^,^^ of and-conjugate antibodies in 

cance * . accordance herewith. Thus, the inventors contemplate that 

Cross-Unking reagents are molecular bridges designed to con j ugatcs made in accordance herewith will find utility in 

tie together functional groups of two different proteins (e.g.. 40 cmbodimcnls other than therapeutic enirjodiraents. 

toxins the binding ligand). To link two different proteins in miuvtA ft will be important to purify the con- 

a tteivwise manner heterobifunctional cross-linkers can be uuw J , "*t~ 1 -\ , . . 

a step- wise manner, ncicroo uuntuou-u jusale so as to remove contaminants such as unconjugated A 

used which elir^meunwanted horn^r^ forma- ^ 4 fi fe ^ t0 removc ^conju- 

tion. An exemplary heterobifunctional cross-Unte contains gated A chain because of the possibility of increased toxicity, 

two reactive groups: one rcactmgwiAt^ary amine group 45 J^* unconjugated biodi Sg 

(e.g N-hydroxy ^-anudc) ^ ™* * Ugand to avoid the^biUry of competition' to the binding 

pyndyl <Usulfide - J**™" site between conjugated and unconjugated species. In any 

etc). Through the pnmary amme rea^ye gro^ the ^cross- ^purification techniques are disclosed in 

^"J^^r ^.1^ rc ^^ } °L ThJ^T „ the Examples belowThich have been found to provide 
(e.g..rCD4) and through the thiol reactive group, the cross- so .J™^ a sufficient of purity to rcnd £ them 

linker, already tied up to the first protein, reacts with the J . K „ "7 . L . „• „, 

. . / ,, ,„ , .. - clinically usefuL In general, the most preferred technique 

cysteine residue (free sulfhydrylproup) of the other protem lbc usc of Blue-Septorose with a gel 

(e.g.. dgA). The spacer arm between these two reacUve ^^ el p.^on ^ Bluelepharose i, a column 
groups of any cross-linkers may have vanous ^length^ and ^s^SbaoonBlue 3GAand agarose. which 

chemKal cwnposiUon. A longer spacer arm allows a better 55 ^ fa , ^ ^ ^^0,, of immuno- 

flexibflity of the conjugate components while some peculiar ™ ^ g ^ use rf B l ue -&pharose combines the 
components in the bridge (e.g.. benzene group) may lend ~n£ga ^ > 

CTtta starry to the reactive grouj , or " ?o^^axion of S*cd from uncord binding, 

tance of the chemical link to the action of various aspects 6 1 J . 

(e.g.. disulfide bond resistant to reducing agents). 60 The Blue-Sepharose allows the elimination of Jhe free 

The most preferred cross linking reagent is SMFT. which (<"» conjugated) binding ligand (e^j rOM) from the 
is a bifunctio^oss-linker contaMnga disulfide bond that con jugate Reparation To elinunate _thefree (unconjugated) 
h "sterically hindered" by an adjaclt benzene ring and toxin e.g ^dgA) a molecular exclusion c^ography step 
methTgroups. It is believed thai steric hindrance of the isrjefearfusmgeimerco^ 
disulfide bond serves a function of protecting the bond from 65 "high performance liquid chromatography, 
attack by thiolate anions such as glutathione which can be After a sufficiently purified conjugate has been prepared, 
present in tissues and blood, and thereby help in preventing one will desire to prepare it into a pharmaceutical compo- 
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sition that may be administered parenterally. This is done by 
using for the last purification step a medium with a suitable 
pharmaceutical composition. 

Suitable pharmaceutical compositions in accordance with 
the invention will generally comprise from about 10 to about 
100 mg of the desired conjugate admixed with an acceptable 
pharmaceutical diluent or excipient, such as a sterile aque- 
ous solution, to give a final concentration of about 1 to about 
2 mg/ml with respect to the conjugate. Such formulations 
will typically include buffers such as phosphate buffered 
saline (PBS), or additional additives such as pharmaceutical 
excipients. stabilizing agents such as BSA or HSA, or salts 
such as sodium chloride. For parenteral administration it is 
generally desirable to further render such compositions 
pharmaceutically acceptable by insuring their sterility, non- 
immunogenicity and non-pyrogenicity. Such techniques are 
generally well known in the art as exemplified by reference 
70. It should be appreciated that endotoxin contamination 
should be kept minimally at a safe level, for example, less 
that 0.5 ng/mg protein. Moreover, for human administration, 
preparations should meet sterility, pyrogenicity, general 
safety and purity standards as required by FDA Office of 
Biologies standards. 

A preferred parenteral formulation of the rCD4-dgA con- 
jugate is 1 to 2 mg conjugate/ml in 0.145M sodium chloride 
aqueous solution at pH 6-7. The preparations may be stored 
frozen at -10° C. to -70° C. for at least 1 year. 

The examples which follow are included to demonstrate 
not only preferred einbodiments such as processes, reagents, 
eta for the practice of the invention, but also to demonstrate 
surprising or otherwise unexpected advantages of one or 
more aspects of the invention. It should be appreciated that 
the studies which follow were performed using techniques, 
assays, reagents, etc.. which have been found by the inven- 
tors to work well in the practice of the respective embodi- 
ments. However, these studies are intended to be exemplary 
only, and numerous modification and changes will be appar- 
ent to those of skill in the art in light of these examples and 
the present disclosure. 

EXAMPLE I 

Preparation of Conjugates of Recombinant CD4 
and Deglycosylated Ricin A Chain (rCD4-dgA) 

Conjugates of human recombinant CD4 (rCD4) and deg- 
lycosylated ricin A chain (dgA) were prepared using three 
different cross-linkers [SATA. N-succinimidyl-S- 
mioacetate; SMCXlJJ-succiniimdyH^ 
methyl)-maleimide; and SMPT. N-succinimidyl- 
oxycarbonyl-alpha-methyl-alpha-(2-pyridyldithio 
(toluene)]. Conjugates prepared with two of the cross- 
linkers (Le.. SMPT and SATA) contained disulfide bonds 
(hindered vs unhindered, respectively) between the rCD4 
and dgA. The third. SMCC, contained a thioether bond. 

1. Recombinant CD4 (rCD4). 

Recombinant CD4 (rCD4) containing amino acids 1 to 
368 of the native protein was prepared as described by Smith 
et aL (6 1 ; sec also 23-25). The absorption coefficient (A 1%. 
1 aahZO nm) and molecular mass used for rCD4 were 15 
and 45 kDa. respectively. For use in certain biological 
studies discussed below. rCD4 was radiolabeled with 
Na[ l25 Il (Amersham. UK) using the IODOGEN reagent 
(Pierce, Rockville. Hi). The specific activity was approxi- 
mately 1 uCi/ug. For other studies discussed below. rCD4 
was also biotinylated with a 50-fold molar excess of the 
N^ydroxysuccinimide ester of biotin (Sigma. Sl Louis. 
Mo.) (62). 
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2. Deglycosylated Ricin A Chain (dgA). 
Deglycosylated ricin A chain (dgA) was purchased from 

Inland Laboratories (Austin. Tex.), and was prepared and 
characterized as described by Fulton et al. (63). The absorp- 

5 tion coefficient and molecular mass of dgA are 7.7 and 32 
kDa. respectively. Some dgA preparations were reduced 
with 5 mM dithiothreitol (DTT) (Sigma. St Louis. Mo.) 
(final concentration) for 30 min. at room temperature in the 
dark The DTT was removed by gel filtration on Sephadex 

io G-25M equilibrated with 0.1M phosphate buffer containing 
3 mM NA 2 EDTA. pH 7.5 (PBE). The reduced dgA was 
further treated with Ellman's reagent |5^ f -dithiobis(2- 
nitrobenzoic acid) (DTNB)) (Pierce. Rockville. HI.) dis- 
solved in diniethylformamide (DMF) (Pierce, Rockville. 

t5 m.). at a final concentration of 2 mM for 30 min. at room 
temperature. The EUmanized dgA was separated from the 
reaction mixture by gel filtration on Sephadex G-25M in 
PBE. The EUmanized dgA was labeled with Na| 123 IJ using 
the IODO-GEN reagent as described by Fulton et at. (64) 

20 and the specific activity was approximately 1 uCi/ug. 

dgA consists of two isomers, dgA 1 and dgA 2 (63). The 
separation of these isomers was accomplished using a Blue- 
Sepharose CL-4B column (Pharmacia. Piscataway. N.J.) 
(20x0.8 cm) equilibrated with 0.05 M PBE at pH 7.5. The 

25 bound dgAi+dgA 2 proteins were eluted with a continuous 
NaQ gradient (up to 0.5M). Both dgA! and dgA 2 were 
eluted in two distinct chromatographic peaks; the last peak 
contained pure dgA x . 

3. Preparation of rCD4-dgA with the N-succinimidyl-S- 
30 thioacetate (SATA) Cross-liner. 

1 ml of rCD4 dissolved in PBE. pH 7.5. at 4 mg/ml was 
mixed with 10 ul SATA (Calbiochem, La Jolla. Calif.) (65). 
dissolved in DMF at 4.7 mg/ml (molar ratio SATA/rCD4= 
2.3) and the mixture was incubated at room temperature for 
30 minutes. The derivatized rCD4 was separated from small 
molecules by gel filtration on Sephadex G-25M equilibrated 
with PBE. The tbioacetylated rCD4 was deacctylated by 
treatment with 50 mM hydroxylaxnine (Sigma. St. Louis. 
Mo.) (final concentration) at pH 7.5 and immediately mixed 
with the EUmanized dgA solution at pH 7.5 in a molar ratio 
of dgA/rCD4 of 2. The protein concentration of both dgA 
and thiolated rCD4 solutions ranged between 2-3 mg/ml. 
After an incubation of 2 hours at room temperature, the 
45 mixture was purified. In some experiments, one of the two 
proteins was labeled with Na( l23 I). 

4. Preparation of rCD4-dgA with the N-sucxinimidyl- 
oxycartx)nyl-alr^-memyl-aLlpha-(2-pyridyldithio)toluene 
(SMPT) Cross-linker. 

50 1 ml of rCD4 dissolved in PBE pH 7.5 at 4 mg/ml was 
mixed with 10 ul of SMPT (66) dissolved in DMF at 10 
mg/ml (molar ratio SMPT/rCD4=2.9) and the mixture was 
incubated at room temperature for 30 min. The derivatized 
rCD4 was separated from small molecules by gel filtration 

53 on Sephadex G-25M. equilibrated with PBE and immedi- 
ately mixed with freshly reduced dgA (non-EUmanized) at 
pH 7.5 in a molar ratio of dgA/rCD4 of 2. The protein 
concentration of both reactants ranged between 1-2 mg/ml. 
After sterilization by passage through a 0.22 mu filter, the 

60 mixture was incubated at room ternperature for 48 hours for 
purification. In some experiments, one of the two proteins 
was labeled with Na[ 12 4]. 

5. Preparation of rCD4-dgA with the N-succinimidyl-(4- 
carboxy-cyclohexyl-memyl)-nialeimide) (SMCC) Cross- 

65 linker. 

1 ml of rCD4 dissolved in PBE. pH 7.0 at 2 mg/ml was 
mixed with 10 ul of SMCC (Pierce. Rockville. HI.) (67) 
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dissolved in DMF at 10 mg/ml (molar ratio SMCC/rCD4= 
6.8) and the mixture was incubated at room temperature for 
60 mia. The dcrivatized rCD4 was separated from small 
molecules by gel filtration on Sephadex G-25M equilibrated 
with PBE. pH 6.0 and immediately mixed with freshly 
reduced dgA (non-EUmanized) at pH 6.0 in a molar ratio of 
dgA/rCD4 of 2. The protein concentration of both reactants 
was 2 mg/ml. After one hour of incubation at room tem- 
perature and 16 hours at 4° G. the mixture was purified. 

6. Preparation and Purification of Conjugates of Chicken 
Ovalbumin (OVA) and dgA. 

Control conjugates comprising OVA (Sigma, St. Louis. 
Mo.) (molecular mass 43 kDa) and dgA were prepared with 
SATA or SMPT using procedures identical to those 
described for rCD4. The OVA-dgA mixtures were purified 
by chromatography on Blue-Sepharose-CL-4B and Con 
A-Sepharose-4B (Pharmacia. Piscataway. NJ.). The Con 
A-Sepharose-4B column (SxO.S cm) was equilibrated with 
0.O2M Tris-HO buffer with 1 mM CaCl 2 . MgCl 2 and 
MnCla- pH 7.0 and the OVA-dgA conjugate was elutcd with 
0.25M alpha-mcthyl-D-mannoside inTris-HQ buffer. These 
conjugates were used as controls in various assays, includ- 
ing the in vitro cytotoxicity assay. 

7. Molar Ratios of rCEM/dgA. 

The molar ratios of dgA chain to rCD4 were calculated 
from the specific radioactivities of 125 I-dgA or of 125 I rCD4. 
respectively, and the following absorption coefficients: 7.7 
for dgA. 15 for rCD4 and 12.0 for rCD4-dgA. 

EXAMPLE II 

Purification of rCD4-dgA Conjugates 

For the purification of the crude conjugates, three meth- 
ods were applied: a) Blue-Sepharose/Sephacryl S-200HR; 
b) Blue Sepharose/Sepharose-rgpl20; and c) gel permeation 
by HPLC on TSK 3000 columns. 

These individual procedures were conducted as follows: 

1. Chromatography on Blue-Sepharose CL-4B Columns. 
A column of 20x0.8 cm containing 10 ml of gel with a 

binding capacity of 20 rag of dgA was used to purify the 
rCD4-dgA- The column was equilibrated with 0.05M PBE 
and eluted with a continuous Nad gradient (up to 0.5M) 
using a Pharmacia gradient maker filled with 50 ml of 0-05M 
PBE and 0.5M Nad respectively. 

2. Affinity Chromatography on Sepharose-rgpl20. 

The recombinant form of the viral envelope glycoprotein 
gpl20 (rgpl20) (Genentech. Inc., South San Francisco. 
Calif.) was coupled to activated CH-Sepharose-4B 
(Pharmacia, Piscataway, NJ.) according to the manufactur- 
er's protocol, at a final concentration of 0.8 rag rgpl20 /ml 
packed geL The Sepharose-rgpl20 bound 0.125 mg rCD4/ 
mg rgpl20. The rCD4 and rCD4-dgA conjugates bound to a 
Sepharose-rgpl20 column (4x1.8 cm) were eluted with 
0.1M glycine buffer containing 0.15M Nad at pH 3.0. 

3. Gel Permeation High Performance Liquid Chromatog- 
raphy (HPLC). 

Samples were applied either to an analytical 7.5x600 mm 
TSK 3000SW column (Sepherogel, LKB. Brornma. 
Sweden) or to a preparative 21.5x600 mmTSK G3000SWG 
column (Ultropac. LKB, Brornma, Sweden) and separation 
was performed in PBE, pH 7.5. at a flow rate of 1 ml/min 
(Spherogel) and 3 ml/min (Ultropac). The retention times for 
the peaks were compared to those of standard protein of 
known molecular weight (Pharmacia. Piscataway. NJ.). 

4. Gel Filtration on Sephacryl S-200HR. 
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Gel filtration was performed on a 80x1.8 cm column 
equilibrated with PBE. The column was calibrated with 
mouse F(ab')2 (100 kDA), rCD4 (45 kDa) and dgA (32 
kDa). 

5 5. Molecular Mass and Composition of the rCD4-dgA 
Conjugates. 

Irrespective of the cross-linker used to construct the 
conjugates, the final purified preparations had a rCD4/dgA 
ratio of approximately 1.0 (see Table 1 below) and molecu- 

10 lar mass of 80-82 kDa as determined by gd filtration of 
Sephacryl S-200HR and HPLC. By SDS-PAGE analysis 
under nonreducing conditions, however, two electrophoretic 
bands of 75 kDa and 92 kDa were observed (FIG. 2). The 
presence of rCD4 and dgA in each of the two electrophoretic 

15 bands was confirmed by clectrophoresing rCD4-SMPT-dgA 
labeled either in the rCD4 or the dgA moiety with [ l23 I| and 
preparing autoradiographs of the gels. Both electrophoretic 
species (75 kDa and 92 kDa) were labeled irrespective of 
which moiety was labeled. Both electrophoretic bands con- 

20 tained biologically active rCD4 since both bands specifically 
bound to Sepharose-rgpl20 and eluted at pH 3.0 (FIG. lc). 

One explanation for the existence of two forms of the 
rCD4-dgA is that one species contained one molecule of 
dgA/molecule of rCD4 (75 kDa) and the other two mol- 

25 ecules of dgA/molecule of rCD4 (105 kDa). However, this 
explanation is considered unlikely based on the lack of 
concordance between the measured (92 kDa) and calculated 
(105 kDa) molecular mass of the slower electrophoretic 
band and. more importantly, because the ratio of dgA to 

30 rCD4 in both bands was 0.98±0.02. Another possible expla- 
nation for the existence of the protein doublet was that one 
species contained rCIM-dgAi (slow band) and the other 
rCD4-dgA 2 (fast band). However, this explanation was 
shown not to be the case by the finding that rCD4-SMPT- 

35 dgA prepared with purified dgA, also contained the same 
electrophoretic doublet (FIG. 3. land B). The most likely 
explanation is that there are two different sites on rCD4 
which can be conjugated to dgA. leading to the formation of 
two types of conjugates which have different molecular 

40 shapes and Stokes radii and run at different rates on SDS- 
polyacrylamide gels. Under reducing conditions. iCD4-dgA 
prepared with either SMPT or SATA. yielded two bands 
corresponding to rCD4 and dgA. The SMCC-derived con- 
jugate was not reduced and maintained its unmodified 

45 electrophoretic doublet. 

6. Sodium Dodecyl Sulfate Polyacrylamide Gel Electro- 
phoresis (SDS-PAGE). 

rCD4. and rCD4-dgA conjugates were analyzed under 
3) both reducing and nonreducing conditions by SDS-PAGE 
using the Pharmacia Phast system with 8-25% gd gradient 
The gels were stained with either 0.1% Phast gel blue R or 
with 0.4% silver nitrate according to the manufacturer's 
directions. The proportion of radioactivity present in the 
55 electrophoretic bands was determined by scanning densito- 
metry of the autoradiograph following SDS-PAGE using a 
Bio-Rad (Model 620) videodensitometer (64). The follow- 
ing proteins were used as standards for the estimation of 
molecular weight (Pharmacia. Piscataway. NJ.): alpha- 
^ lactalbumin (24.4) kDa), soybean trypsin inhibitor (20.1 
kDa, carbonic anhydrasc (30 kDa). OVA (43 kDa). bovine 
serum albumin (67 kDa) and phosphorylase b (94 kDa). 

7. Determination of Sulfhydryl Groups. 

The number of SH groups introduced into rCD4 as well 
65 as the number of free SH groups in the rCD4-dgA conjugates 
were determined with DTNB (79). 

8. Results. 
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By gradient chromatography on Blue Sepharose (which 
binds dgA). the majority of the rCD4 was removed from the 
rCD4-dgA conjugate (rCD4 does not bind to Blue 
Sepharose) (FIG. 1). Irrespective of the cross-linker used for 
its preparation, the rCD4-dgA always eluted in the third peak 5 
and was flanked by dgA x and dgA 2 (FIG. la). Most of the 
heavy molecular weight rCD4-dgA conjugates (molecular 
mass about 100 kDa) were tightly bound to the Blue- 
Sepharose and therefore could only be eluted by a mixture 
of 0.05M NaOH and 0.5M Nad Residual dgA remaining in 1Q 
the rCD4-dgA preparations after Blue-Scpharose chroma- 
tography could be removed either by gel filtration on 
Sephacryl S-200HR (FIG. lb) or by affinity chromatography 
on Sepharose-rgpl20 (FIG. lc). 

As shown by the chromatographic profiles (FIG. lb), gel 
nitration resulted in more extensive purification since some 15 
high molecular weight material could be further separated 
from the conjugate which has an apparent molecular mass of 
80 kDa, A partial purification (80% purity) can be achieved 
by a single step purification procedure using HPLC with 
SpherogelTSK3000SW column (FIG. U) orUltropacTSK 20 
G3000SWG column. If the HPLC separation was applied 
after the Blue-Sepharose chromatography, the rCD4-dgA 
conjugates have better purity than by using Sephacryl 
S-200HR since the TSK 3000SW columns facilitate the 
separation of rCD4-dgA from the rCD4. The yields and 25 
purity of the rCD4-dgA conjugates are presented in Table I. 



TABLE I 



COMPARISON BETWEEN SATA-, SMPT- AND SMCC-DERTVED 
iCD4-dgA CONJUGATES 



PARAMETER 



SATA 



SMPT 



SMCC 



Yield (%r 
Purity (%) fc 
Molecular composition 

(dgA/iCIM ratio) 
Affinity for gpl20 (xlO"*MT 
Stability in vitro (%f 
Stability m vivo (%f 
Half-Life (arin/ 

aJpha-pbasc 

beta-phase 

LD50 faste mousey 

Inhibition of protein synthesis 

<ic»)<xi<r"My 

Cytotoxicity of HIV-infected 
H9 cells (!C, 0 )(xlCr lo M) 



195 
90.0 



1.0 

4.4 ±0.5 
53.0 ±7.0 
18.6 



45.0 ±I0.0g 
177.0 ±24j0 
100.0 
1.6 

1.7 ±1.0* 



175 

90.0 



1.25±0.15 



20.8 
80.0 



ND 



30 



35 



4.9 


±0.2 


ND 


36.0 


±6.0 


ND 


4.4 




ID 


60.0 


±11J0» 


40.0* 


209.0 


+21j0» 


225.0* 


116.0 


±25.9 


ND 


1.2 




>1000 


2.0 


±l.tf 


>5000 



45 



The amount of iCD4 in die coojttgates (60% of the total protein) is expressed 
as percentage of the initial amount of rCTM used for preparation. Mean of 4 



^After Btue-Sepbarasc CL-4B aod Scpb-cTyi S-2O0HR. Calculated by den- 50 
sitometry of silver stained SDS-Page (nocneduced). 

The affinity of iCD4 for jpl20 was 4.1 + 0.5 x I0**M (mean of 3 
experiments). 

^Cytoxk activity after 16 hours incubation at 37* C„ The ICjo of freshly 
thawed conjugate, used m the same assay was taken as 100%. Mean of 3 
experiment*. ... 55 

"Percentage of free dgA chain released at 4 hours after injection of the 
radiolabeled conjugate. 

*Ibe alpha-phase is the fiist 30 minutes and the beta-phase is me next 8 hours. 
For dgA, alpha = 20 m^i ; beta = 228 mm. For iCD4, alpha = 10 mm.; beta 
= 105 nrin 

•Mean of 3 experimeots. 

*Mean of 2 e xpe r imefitJt . 60 
■The LDjo of dgA was 30 ug/g mouse. 
^Mean of 3 experiments. 
k Mean of 5 experiments. 
*Mean of 8 experiments. 

9. Comments 65 
Conjugates utilizing three different linkers were con- 
structed and compared for their yield, purity, biochemical 



structure, in vitro activity and in vivo behavior. Two of the 
conjugates were constructed with a disulfide bond between 
the rCD4 and dgA using the SATA or SMPT cross-linkers; 
the third was constructed with a thioether bond, utilizing 
SMCC. The three cross-linkers derivatize the E- amino 
groups on the rCD4 and utilize the natural SH of the cysteine 
of the dgA. For all three conjugates, the active group(s) were 
introduced by N-hydroxysuccinimide to establish an amide 
bond between the primary amino group(s) of rCD4 and the 
active pyridyl disulfide group. 

Biochemical analysis of the conjugates was performed 
and the results indicate that they were similar in size and 
content of rCD4 and dgA. Hence: 

a) The three conjugates contained one molecule of rCD4 
covalently linked to one molecule of dgA. The conjugates 
had apparent molecular masses of 80-82 Kda as determined 
by gel filtration and HFLC. but when analyzed by SDS- 
PAGE. consisted of two forms of 75 and 92 kDa. The 75 and 
92 kDa species each contained a single rCD4 and a single 
dgA The possibility that the doublet represented two rCD4- 
dgA conjugates with different amounts or types of dgA 
(dgA, and dgAj) was excluded by appropriate experiments. 
This heteroclitic structure might be generated if the deriva- 
tized rCD4 contains two different populations of molecules. 
However, no heterogeneity of the rCD4 preparations was 
demonstrated by any technique including isoelectric focus- 
ing suggesting that there are no significant differences in the 
distribution of the electric charges on the rCD4 molecules. 

b) As determined by reduction and analysis of the two 
disulfide-linked conjugates in a cell-free rabbit reticulocyte 
lysate assay, the dgA chains in the conjugates prepared with 
SATA and SMPT were as active as the dgA used to prepare 
them. 

c) Utilizing several different methods of purification, the 
final yield of each conjugate was approximately 20% and all 
three conjugates retained their rgp!20-binding activity. The 
purification of rCD4-dgA conjugates involved chromatog- 
raphy on Blue-Sepharose. a chromatographic material pre- 
viously used for the purification of ridn A chain-containing 
immunotoxins (71). This basic technique was modified in 
part by using longer columns and applying a salt gradient 
with the aim of exploiting the ion exchange property of 
Blue-Sepharose at pH 7 J. The combined properties of ion 
exchange and dgA-binding allowed the separation of rCD4- 
dgA conjugates in reasonable yield and with an acceptable 
degree of purity. 

A subsequent gel filtration on Sephacryl S-200HR or 
affinity chromatography on Sepharose -rgp 120. yielded 
rCD4-dgA preparations that were approximately 90% pure 
with traces of free dgA and rCD4 and some heavy molecular 
mass materiaL The greatest purity of the rCD4-SMFPdgA 
conjugate (>95%) was achieved by combining Blue- 
Sepharose chromatography with HPLC on TSK 
G3000SWG. 

EXAMPLE m 

Treatment of HIV-infected Cells By rCD4-Ricin A 
Chain 

Thiolated rCD4 [derivatized with N-succinimidyl-S- 
acetyl thioacetate (SATA) (72) was coupled to dgA deriva- 
tized with EUman*s reagent (74) in a manner similar to that 
described above in Example I. The conjugate was purified 
by gel filtration on Sephacryl S-200 (HR) to remove free 
dgA and on a column of Sepharose anti-ricin A chain to 
remove free rCD4. 
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The activities of the dgA and rCD4 components of the 
conjugate were evaluated. After reduction with 
dithiothreitol, the dgA released from the conjugate was 
comparable to native or Elimanized dgA in its ability to 
inhibit protein synthesis in a cell-free rabbit reticulocyte 
assay <74). IIC^ (12Hxl(T ll M versus 2xlO~"M]. The 
rCIM-dgA had gpl20 binding activity comparable to that of 
thioiated rCD4 and 25 to 50% that of native rCD4 in a 
solution or solid-phase binding assay (75). 

Treatment of HIV-infected cells from the human T cell 
line H9 with rCD4-dgA inhibited DNA synthesis by >90% 
with an ICjo of 1.5±0.53xl0- lo M (mean±SD of four 
experiments) (FIG. 3). In contrast free rCD4 or an irrelevant 
antibody-ricin A chain conjugate of the same size [Fab- 
MOPC-21 (IgG^gA were only 1/1000 as effective 
(IC5o>10" 7 M). Neither rCW-dgA, rCD4. nor Fab'-MOPC- 
21-dgA killed uninfected H9 cells at a concentration of 
>5xl0~ 8 M (FIG. 3B). Hence, the toxicity of rCD4-dgA was 
specific. 

The cytotoxic effect of the rCD4-dgA could be effectively 
blocked in a concentration-dependent manner by soluble 
rgpl20 (FIG. 4A). by monoclonal antibodies (MAbs) to the 
gpl20 binding site of CD4 [Leu-3a (14)J (FIG. 4B). or by 
soluble rCD4 (FIG. 4C). In contrast, bovine serum albumin 
(BSA) (FIG. 4. A and C) or MAbs to another CD4 epitope 
not involved in gpl20 binding (79) did not inhibit the 
cytotoxicity of rCD4-dgA (FIG. 4). Thus, the toxicity of 
rCD4-dgA to HIV-infected H9 cells occurred by specific 
binding of the rCD4 component of the conjugate to gpl20. 

It was next determined whether rCD4-dgA could kul cells 
expressing major histocompatability epitopes (Mean±SD of 
three experiments) (FIG. 5). The inability of rCD4-dgA to 
kill Daudi cells at concentrations >5xl0" e M may be due to 
a lower binding affinity of rCD4-dgA to class II molecules 
or to the inability of class II antigens to be internalized after 
binding rCIM-dgA. 

EXAMPLE IV 

Pharmacology and Biological Properties of rCD4- 
dgA Conjugates 
1. Cytotoxicity of CD4~dgA Conjugates for HIV-infected 
and Uninfected Cells 

An assay measuring the cytotoxicity of rCD4-dgA to 
HIV-infected human H9 cells was performed generally as 
follows: 

Serial dilutions of conjugates were plated in triplicate in 
96 well microtiter plates in complete medium (RFML 12% 
PCS and antibiotics). Cells were then added to a final 
concentration of 4x10 s5 cells/ml and the plates were incu- 
bated for 36 hours at 37° C (5% CO^). Cells were then 
pulsed for 6-8 hours with 1 uCi of [ 3 Hlthymidine and 
harvested on a titertek automatic harvester. l 3 H]thymidine 
incorporation was determined on an LKB Beta counter. 
Results are expressed as a percentage of control (untreated 
cells). Three separate experiments were performed each 
using infected and uninfected human H9 cells. 

In agreement with the studies set forth in Example IV 
using the SATA-linked conjugate, both the rCD4-SMFT- 
dgA and rCD4-SATA-dgA were equally toxic to HIV- 
infected H9 cells in vitro (FIG. 7 and Table 1). The rCD4- 
SMCC-dgA was no more toxic than the control conjugate, 
OVA-dgA (Table 1) containing suggestions that conjugates 
of antibodies and A chain may only be toxic when a disulfide 
bond is present between the two components (81). 
Importandy. none of the conjugates was toxic to uninfected 
H9 cells. 
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The results of the cytotoxicity studies indicate that rCD4- 
dgA prepared with either SMPT or SATA killed HIV- 
infected H9 cells with identical potency (IC^ 1.7-2.0x10 
10M). The rCD^SMCC-dgA was no more toxic than an 

5 irrelevant conjugate (OVA-dgA) (SxlO^M) despite the fact 
that it displayed gpl20-binding activity. The two active 
conjugates were 1000-fold more toxic to HIV-infected cells 
than to uninfected cells and the control conjugates. OVA- 
dgA, was not toxic to either infected or uninfected cells. 

to 2. Binding of rCD4 and derivatives to rgpl20 

The binding of rCD4. SATA or SMPT conjugates to 
rgp!20 was determined through the application of an auto- 
mated liquid phase competitive binding assay. The assay 
utilized a Pandex Screen instrument (Pandex Laboratories, 

15 Inc.) for the evaluation of solution phase binding of rgpl20 
to rCD4, and was performed using 0.03 ml per well of rCD4 
or conjugates of rCD4 altered in a separate 96-well plate 
from 50 to 2 ugfml in PBS pH 7.5. 1% BSA, 0.02% azide 
(PBSA). 0.03 ml of rCD4-biotin at a concentration of 9 

20 ug/ml in PBSA was added followed by 0.03 ml of rgpl20 at 
a concentration of 15 ug/ml in PBSA. The reaction mixture 
was incubated for 3 hours at room temperature with mixing. 
Free and bound rgpl20 were immunoprecipitated from the 
reaction mixture with anti-rgpl20 monoclonal antibodies 

25 (MoAbs) absorbed to polystyrene beads. For the 
immunoprecipitation. 0.02 ml of these anti-rgpl20 MoAb- 
coated beads were first added to a Pandex plate by the 
instrument. 0.03 ml of the reaction mixture was then trans- 
ferred to the particles in the Pandex plate. Following a 15 

30 minute incubation, 0.02 ml of a streptavidin-phyoociytrin 
conjugate was added at a 1/50 dilution in PBSA. The plate 
was incubated in the dark for 15 minutes then washed with 
PBS. 0.05% Tween 20 and the fluorescence intensity was 
determined. 

35 The inhibition curves of rCD4 and the SATA and SMPT 
conjugates are illustrated in FIG. 6. Although these curves 
are displaced slightly from one another, differences between 
curves are not statistically significant. These data also were 
used to calculate binding affinities (Kd) of rCD4 and the 

40 conjugates by Scatchard analysis using the software pro- 
vided with the instrument (80). These results indicate that 
there is a small loss in affinity due to conjugation with 
SMPT. although this difference was within experimental 

45 error (See Table I). 

3. Binding of rCD4 to Daudi Cells. 
The binding of rCD4 to Daudi cells was evaluated by a 
direct binding assay using radiolabeled rCD4 or by an 
indirect assay with biotinylated rCD4 and fluorescein- 

50 avidin. Cells (10 6 /0. 1 ml) were treated with various amounts 
of 123 I-rCD4 (1-500 ng/0.1 ml) or biotinylated rCD4 
(0.1-25 ug/0.1 ml) for 3 hrs or 30 nun., respectively, at 4° 
C After washing twice with cold phosphate-buffered saline 
(PBS) containing 10% fetal calf serum (FCS) and 0.1% 

53 sodium azide. the radioactivity of the cell pellet was mea- 
sured (when radiolabeled rCD4 was used) or the cell sus- 
pension was treated with fluorescein-avidin (Pierce. 
Rockville. NJ.) (1-5 ug/0.1 ml) for 15 min. in ice. The cells 
were washed and analyzed on a fluorescence-activated cell 

60 sorter FACS (Becton-Dickmson. Oxnard. Calif.). 

No significant binding of 125 I-labeled or biotinylated 
rCD4 to MHC class IT human Daudi cells was observed 
(K>10 4 M" 1 ). This indicates that neither rCD4 nor rCD4~ 
dgA can bind to the cell surface MHC class H antigens (82). 

65 As determined by binding analyses, the rCD4 molecule and 
the conjugates prepared with it, did not bind to class IT 
Daudi cells. Since class II molecules re the putative natural 
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ligand for CD4. this demonstrates that while cell-bound their cytotoxic potency after 16 hours at 37° C However, in 

CD4 can bind to cell-bound class II antigens (82), soluble vivo (in mouse blood), the SMFT-linked conjugate was 

rCD4 does not bind to cell-bound class H molecules. This more stable than the SATA-linked conjugate releasing four 

finding is consistent with the studies shown in Example m times less free dgA. This result is in agreement with a report 

in that rCD4-SATA-dgA does not kill Daudi cells even 5 by Thorpe, ct aL (85) who showed that an immunotoxin 

though an anti-class II-dgA conjugate was toxic in the same prepared with SMPT broke down in vivo six times more 

assay. slowly than the corresponding immunotoxin prepared with 

4. Stability of the rCD4-dgA Conjugates. 2-iminothiolane, a cross-linker which produces an unhin- 

* vi *. *.u c at* a a cxjtctt a~i.,-a w~ru h„a dered disulfide bond as does SATA. SMPT generates a 

The stability of the SATA- and SMPT-denvea rCLH-agA .... * - ». u* a a l. *t j- 

4 j . . . ^ _ - . io disulfide bond which is stoically hindered by the adjacent 

conjugates was tested by incubating the conjugates in fresh 1U ujawux * L *u a- i*a 

■. i * u „, no p t !! ^rf^^jno benzene nng and methyl groups which protect the disulfide 

human plasma for 16 hours at 37° C prior to performing . , , ° • . 

u iua Ki-o r " ^ & bond from the attack of thiolate anions such as glutathione 

toxicity tests on HIV-infected human H cells. ^. . . . ^ m _ . . . , 

* u ir 1 1 * , ^^™~t,, . which can be present in tissues and blood. 

As shown in Table I above, the cytotoxicity of both ...... . ^ ^ . . . r*™^ . . . 

conjugates was reduced ar^jroximately 50% by incubationin As determined by injecting the SATA- and SMFT-unked 

human plasma at 37° C for 16 hours. The difference 15 conjugates into mice and utilizing their sera 3 hours ater to 

between the remaining cytotoxicity of SATA- and SMPT- kill HIV-infected H9 cells in vitro there was no loss in 

derived conjugates is not statistically significant activity « *f rcm^nmg amjygfcTlus«utti»di«tes that 

The dissociation of the rCD4^1gA conjugates in vivo was both rCD4-dgA conjugates should maintain Aeir cytotoxic 

fuX studied by measurm^elJe of free dgA at 4 M ^ P«* * ^J^J£?* * *™ 

.. . « . 20 reaction with circulating infecting cells, 

hours after injection of the radiolabeled conjugate into iCdLUUU 6 6 

normal mice. It should be noted that the mouse cells do not 5. In Vivo Elimination of rCD4-dgA Conjugates, 

bind rCD4-dgA and, hence, represent a good model for The procedure of Fulton et al. was used (64). Briefly, the 

conjugate stability in a model where the conjugate is not conjugates were labeled with Na[ l25 I] by the IODO-GEN 

specifically taken up by cells in vivo. Hence, following ^ technique and were injected into the retro-orbital sinus of 

injection of rCD4-dgA, serum samples were collected and mice (approximately 4x10* cpm/5 ug/animal). The | I25 I| 

immunoprecipitated with rabbit anti-ricin A chain. Precipi- levels were determined in heparinized samples (75 ul) of 

tales were analyzed by SDS-PAGE and autoradiography blood at 5 min.. 10 min.. 30 min.. 1 hour. 2 hours. 4 hours, 

(see Methods). The results show that the rCD4-SMFT-dgA and 8 hours. The total radioactivity remaining in the blood 

broke down in vivo four times more slowly than the rCD4- was determined by counting aliquots in a gamma counter 

SATA-dgA (Table 1) and that the rCD4-SMCC-dgA was the and assuming a total blood volume of 79b of body weight 

most stable (less than 1% released dgA). (64). Acid-precipitable radioactivity was determined by pre- 

When tested in a cytotoxicity assay on HIV-infected H9 cipitation of plasma aliquots with 10% trichloroacetic add 
cells, the plasma of mice collected 3 hours (one half-life The percentage of the injected radioactivity remaining in the 
period) after injecting radiolabeled SATA-or SMFT-linked 35 circulation was calculated as the percentage of acid- 
conjugates showed ICjq's identical to those of freshly precipitable radioactivity injected. The half-lives (T 1/13 ) for 
thawed conjugates (2xl0" lo M). both the alpha- (30 min.) and beta-phase (8 hours) of 

The stability studies were performed as follows: Radio- clearance were determined graphically by extrapolation to 

labeled conjugates (approximately 10 7 cpm/animal) were zero of the percentage of acid precipitable radioactivity vs 

injected into mice and after 4 hours the animals were ^ time curves (84). 

exsanguinated and the heparinized blood was collected. The Plasma levels of radiolabeled rCD4-dgA injected into 

free and conjugated dgA in plasma were precipitated with an mice showed two major phases for elimination, namely, a 

immuno-complexes prepared with rabbit anti-ricin A chain rapid initial alpha phase which approached completion 

and goat anti-rabbit Ig (83). The precipitate was boiled in 1% within 30 min. and a slower beta phase. Approximately 90% 

SDS and electrophoresed on 12% SDS-PAGE. Autoradio- 45 of all three conjugates were cleared in 8 hours (FIG. 8). 

grams of the dried gels were scanned by using a Bio-Rad There was no statistically significant differences between the 

video-densitometer. The areas under the dgA and rCD4-dgA T u joctB. of the three conjugates. However, the SMPT- 

peaks were divided by the total area under both peaks to derived rCD4-dgA has a slightly longer half-life than the 

determine the percentage of radioactivity that corresponds to SATA-derived conjugate (Table I). This difference was not 

the released dgA. This value was used as a means of as great as would have been predicted from earlier studies 

evaluating the in vivo splitting of the rCD4-dgA conjugates. using SMPT conjugates prepared with IgG and dgA (85). It 

The functional activity of rCD4-dgA conjugates recov- should be noted that the half-life of rCD4 increases mark- 

ered from blood was determined by performing a cytotox- edly in both phases (from 2-5-fold) after conjugation with 

icity assay on HIV-infected H9 cells. Mice were injected dgA. 

with radiolabeled SATA- or SMFT-linked conjugates with 53 Tbc organ distribution of radioiodinated proteins was 

known specific radioactivity (approximately 5xlf/ cpm/ug). determined following perfusion of anesthetized mice with 

After 3 hours. Che animals were exsanguinated and the PBS as previously described (64). Organs were removed, 

heparinized plasma containing a known amount of conjugate weighed and counted in a gamma counter. A sample of the 

was compared in the in vitro cytotoxic assay to freshly organs was minced with scissors, extracted with 0.5% Noni- 

thawed conjugates. 60 det P-40 and the clarified extract was precipitated with 10% 

To determine stability in human plasma, conjugates were trichloroacetic acid. The percentages of acid precipitable 

incubated at 50 ug/ml with undiluted fresh human plasma or radioactivity were determined and the values were used to 

PBS for 16 hours at 37° C. and then used in the cytotoxicity calculate the protein-bound radioactivity in various tissues, 

assay in parallel with freshly thawed conjugates. The capacity of the organ to accumulate the radiolabeled 

The in vitro stability tests indicated that both the SATA- 65 proteins was calculated by dividing the percent of the 

and SMFT-derived rCD4-dgA conjugates have similar injected radioactive dose retained in the organ by net weight 

chemical stability and mat both lose approximately 50% of (g) of the organ. 
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The tissue distribution of the labeled conjugates as deter- (85). the rCD4-dgA conjugates are 6-fold less toxic on a 

mined by acid prccipitability of extracts of various organs 1 protein basis and 10-fold less toxic on a dgA basis, 

hour after infection of radiolabeled conjugates or their 7. Lesion Distribution of rCD4-dgA Conjugates, 

protein components is presented in Table D. From the results Treatment groups consisted of four 25-32 g CAF, male 

summarized in this Table, the following conclusions could 5 mice which were inoculated intraperitoneally with a one ml 

be drawn- a) the rCD4-SMFT-dgA and the rCD4-SMCC- solution containing 5%. 10% and 20% of the LDjq of cither 

dgA conjugates preferentially accumulated in the spleen at SMPT-linked rCD4-dgA. SATA-linked rCD4-dgA, 20% of 

levels that were 3-fold higher than those of the rCD4-SATA- the LD^ of dgA. or saline. Mice were sacrificed after 7 days 

dgA; b) the rCD4-SMCC-dgA concentrated in liver reaching by intraperitoneal injection of pentobarbital. Tissues were 

levels approximately 3 times higher than the SATA-linked 10 examined grossly and fixed in 10% buffered formalin. Liver, 

conjugates; c) the rCD4-SATA-dgA conjugate showed lower spleen, kidneys, lung, heart brain appendicular and dia- 

accumulation in these organs (liver and spleen) than the phragmatic muscle were embedded in paraffin, sectioned at 

other two conjugates but accumulated in the kidneys. 5 microns and stained with hematoxylin and cos in. Lesions 



TABLE fl 

RETENTION OF ACID PRECIP1TABLE R ADIO A C 11 VfT Y 
IN VARIOUS ORGANS OF MICE INJECTED WITH 
iCEMgA CONJUGATES AND THEIR COMPONENTS, iCD4 and dgA* 

Percent of injected acid-precipitaWe radioactivity retained 
per oram of organ fwet weighti t hour after injection of: 

Organ iCD4-SATA-dgA rCIH-SMPT-d&A rCTM-SMCC-dgA iCD4 dgA 

Kidneys 8.9 6.4 7.9 10.5 8.4. 

Uver 3.7 5.4 10.8 1.6 IS 

Spleen 2.8 8-9 7.8 1 .1 1.7 



"Mean of two separate experiments. 



In the mouse in vivo studies, the SMCC-linked conjugate 30 
served as a control, i.e., a conjugate lacking a disulfide bond 
which might be susceptible to thiolmediated reduction. The 
in vivo clearance studies demonstrated that rCD4 was 
readily cleared with a T l/2 alpha of 10 minutes. Only 7% 
remained in the serum at 30 minutes. dgA also had a short 35 
T 1/2 alpha of 20 minutes. At 30 minutes, 26% remained in the 
serum. In contrast, the rCD4-dgA conjugates had signifi- 
cantly longer T 1/2 alphas (40-60 minutes). At 30 minutes, 
more than 40% remaining in serum, Thus, the coupling of 
rCD4 to dgA gives the rCD4 a significantly longer serum ^ 
half-life. For all three conjugates, the percentage of protein 
remaining in the circulation after 8 hours was slightly under 
10%. At this time, virtually all the rCD4 was cleared. The 
difference between the 8 hour bets-phase half-life of the 
SATA-linked (177 minutes) and SMFT-Unked (209 minutes) 45 
conjugates is not statistically significant 

6. Toxicity of rCD4-dgA Conjugates. 

The capacity of various iCD4-dgA conjugates to inhibit 
protein synthesis was tested in a cell-free assay. The IC50 
was l(T ll M for dgA, rCD4-SATA-dgA and rCD4-SMFT- 50 
dgA and >1(T*M for SMCC-derivcd conjugate (Table I). 
The SMCC conjugate was not toxic in the assay because free 
dgA could not be released by reduction. 

The LD50 of the rCD4-SATA-dgA and rCD4-SMPT-dgA 
in mice were similar (Table I). In these studies, increasing 55 
amounts of rCD4-dgA conjugates were injected i.p. into 3 
groups of 4 C3H/HEJ mice weighing 15 g and the LD^ was 
calculated based on deaths occurring within 10 days. For 
SMFT-linked rCD4-dgA conjugates, the assay was repeated 
twice using 3 groups on four BALB/c mice weighing 20 g. 60 
An average value for both C 3 H/HEJ and BALB/c mice was 
calculated. 

The LD W of the non-toxic conjugate rCD4-SMCC-dgA 
was not determined. The tD^s of the two active conjugates. 
rCD4-SATA-dgA and rCD4-SMFT-dgA were 100 ug and 65 
116 ug/g mouse, respectively. This shows that in comparison 
with the LDjq of IgG-dgA conjugates (15-20 ug/g mouse) 



were scored subjectively as absent, minimal, mild or marked 
and assigned grades of 0. 1, 3 or 3, and averaged for each 
group. 

There were no gross lesions in the organs or any of the 
mice injected with 5%. 10% or 20% of the LD^ dose. 
Microscopically, the liver, kidney, spleen, and brain from all 
animals were free of lesions. 

Lesions were seen in the skeletal muscle of the proximal 
rear leg, diaphragm and heart The lesions varied in degree 
rather than in morphology (Table ID). They consisted of 
myofibers which were fragmented, hyalinized and often 
infiltrated and surrounded with macrophages and small 
numbers of neutrophils. The inflammatory cells infiltrate 
into the endomysium surrounding adjacent normal fibers. 
The inflammatory response was accompanied by prolifera- 
tion of sarcoplasmic nuclei and regenerating strap cells were 
documented admixed with the degenerating fibers in both 
the appendicular and diaphragmatic musculature. The 
lesions in the appendicular muscle were multifocal fre- 
quently marked, and often concentrated within scattered 
muscle bundles leaving other muscles unaffected. The 
lesions in appendicular skeletal muscle were consistently 
more prominent than those in the diaphragm or heart 

TABLE m 

MEAN SCORES FOR MYOPATHY IN MICE 
INJECTED WITH rCD-B ATA-dflA AND dgA 

Inoculum Appendicular 
(%) of ID*, Kevt Diaphragm Skeletal Muscle 

iCm-SMFPdgA* 

5 0.00* 0.00. OJOO 

10 0DO 0.25 1-25 

30 0.00 0.00 175 
rCIM-SATA-d&A* 
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The coupling of peptide 41-57 to BSA was accomplished 
TABLE Hi-continued by thiolating the BSA with a molar excess of a mixture of 

— N-succiniraidyl-S-thioacetate (SXTA) and N-sucdiiirnidyl- 

mean scores por myopathy INDUCE 3-(2-pyri<rylaithio)propionate (SPDP). The tbiolated BSA 

was then reacted with the peptide and the conjugate was 

deacetylated with hydroxylaminc and reacted with reduced. 
Ellmanized dgA. Alternatively, the BSA molecule was thi- 
olatcd with SATA and conjugated to the peptide by carbo- 
diimide treatment. The conjugates were deacetylated with 
hydroxylamine and coupled to reduced and EUmanized dgA 
to yield the conjugates. 
The reaction is as follows: 



Inoculum 
(%)ofLD„ 


Heart 


Dispfara£jo 


Appendicular 
Skeletal Muscle 


5 


0.25 


0.75 


2.25 


10 


0J3 


0.25 


2.25 


20 


0.25 


0.25 


1.25 










20 


0J3 b 


033 


2.60 


Control 


0.00 


0.00 


0.00 



10 



BSA +SATA^ py-s— S-BSA-S— COCHj(P>* = Pyridyl) 



25 



i 



PcptidesS— S — BSA— S— S— dgA 



■Mean lesion score for 4 animals. 

b Mcan lesion score for 3 animals. +SPDP 

Myocardial lesions were widely scattered and were found Py-S-S-BSA-S-COCH3+ peptide-SH 
in only four animals, one from each group treated with 

rCD4-SATA-dgA and with dgA. Myocardial lesions were \|/ 
minimal, usually focal and restricted to one or two myofi- 20 Peptido ^_ s _ BSA _ s _ C0CH3 KH6H > 

bers. The degenerated myofibers were hyalinized, stippled 1 

with basophilic granules, infiltrated with macrophages and peptkk-s— s-bsa— SH+dgA-SE 
neurophlls and in some sections, obliterated by infiltrates of 
macrophages. In none of the animals was there any evidence 
of heart failure. 

Evidence of regeneration in sections of muscle from 
diaphragm and from the appendicular skeleton indicates that 

the myopathy is reversible. Myocardium docs not regenerate The pepude/BSA molar ratio was approximately 8 as 
after such damage, but the lesions in the myocardium were determined by measuring the radioactivity and the protein 
nunimal. widely scattered and did not result in cardiac concentration of the peptidc-S-S-BSA conjugate. The pep- 
failure in any of the mice. tide was also coupled directly to the dgA molecule following 

The use of SATA as opposed to SMPT to prepare the thiolation of dgA with SPDP. reduction with DOT. and 

conjugates exacerbates the myopathy documented in the reaction with Hlman's reagent (DTTNB). Since the dgA 

appendicular skeleton and diaphragm In addition, the molecule contains only two lysine residues (as well as one 

SATA-linked conjugate produced lesions in the heart No aNH 2 and one reactive cysteine residue), not more than 4 

cardiac lesions were detected in animals injected with rCD4- thiol groups are available on the treated dgA for coupling to 

SMFT-dgA. the SH-containing peptide. 

The results suggest that rCD4-<lgA conjugate prepared 

with SMFT is not toxic to cardiac myofibers and less .toxic ^ dgA ^^p^ + D jhb [SEb + Pfep(idt> " SH ^ 

to skeletal myofibers than the rCTM-dgA prepared with 

SATA. No animal presented signs of cardiac failure either d*A f s ZfS2j^ b 

clinically or at necropsy. pep*** 

Taken together, the results suggest that rCD4-dgA pre- 
pared with SMPT would be the conjugate of choice for 45 The pepude-S-S-BSA-dgA and peptide-BSA-S-S-dgA 

further development as a therapeutic reagent for treating were partially purified from the reaction mixture by HPLC 

patients with AIDS. on TSK-3000. The conjugate contained contaminating 

pcptide-S-S-BSA which cannot be completely separated by 

lLXMAtLt ' this procedure. The peptidc-dgA conjugates were purified by 
Preparation of CD4 Peptidal Conjugates ^ gel filtration on Sephadex G-25 and were free of unreacted 

Short peptidal conjugate constructs comprising a peptide I*P*k but contained trace quantities of free dgA. 

incorporating the amino acids 41-57 of CD4, coupled to The M r of the peptide-S-S-BSA-S-S-dgA (as determined 

BSA-dgA. are capable of selectively killing HIV-infected by HPLC and SDS-PAGE). was approximately 120 kDa. a 

cells. The peptide BSA conjugate also inhibits the interne- value corresponding to S molecules of peptide bound to one 
tion between CD4 and gpl20. The peptide, prior to conju- 55 molecule of BSA and one molecule of dgA. 

gation with BSA-dgA. has a molecular weight of about 23 The ability of the dgA in the conjugate to inhibit protein 

kDa, and included the addition of an Ala-Cys to its carboxyl synthesis was deteraincd by a cell-free rabbit reticulocyte 

terminus to confer more flexibility (Ala) and disulfide- assay following reduction of the conjugate. The IC50 was 

bonding Ability (Cys) to the peptide. For these exemplary similar to that of the uncoupled dgA (I0* u M). To determine 
studies, the Ala at position 55 was labeled with [*H] to a 60 the cytotoxicity of the peptide-conjugates as compared to 

specific activity of 3.8X10 4 cpm/mg. Although, even at high CIM-dgA. infected vs uninfected H9 cells were cultured 

concentrations, the peptide alone was unable to inhibit the with immunoconjugates for 72 hours and then labeled with 

binding of CD4 to gpl20. when it was coupled to BSA [ 3 H]-leucine for 6 hours. The results are presented in FIG- lb 

though a disulfide bond, this conjugate was able to inhibit and show that the peptidc-S-S-BSA-S-S-dgA was able to kill 
the binding of horse radish peroxidase (HRPHabeled CD4 65 the infected target cells with an IC^ that was about 2- to 

to gpl20 albeit at a concentration 100 times higher than the 8-fold higher than that of rCIM-dgA. The conjugates con- 

4 domain rCD4 molecule (FIG. 14). taining peptide-S-S-dgA did not inhibit the binding of CD4 
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to gpl20 but their ability to kill HIV-infected ceils has not cells (103). To this end. the CD4 peptide will be coupled to 

yet been determined. mc P^ cd humaD anti-gp4i monoclonal antibody or its 

Other Possibilities for Preparing Effective CD4-Peptide-<igA Fab* fragment, and this construct then coupled to dgA The 

r . generation of a molecule which can bind to both gp41 and 

A°Pni g ,J?na thr ^ of the Ptentide 5 K> 120 shouId me ^jugate to more effectively bind to 

BSA in a molar ratio of 6-8 ^des/BSA molecule. This ^ w of ^ wm ^ 

suggests that the affinity of the pepude-construct for gpl20 M ^ed with SATA and coupled to dgA through cysteine 

is lower than that of the intact 2 or 4 domain rCD4 molecule. 10 resWucs f 0 u O wcd by conjugation with Ellmanized peptide 

The lower affinity may be responsible for the 2- to 8-fold through dcacetyiated thiol groups introduced by SATA. This . 

less effective killing of HIV-infected cells. These results conjugate should have a longer half-life in the circulation 

suggest that peptide 41-57 could be too short to interact with w j m ^ c mtact ^\ molecule as carrier, 

the gpI20 molecule optimally. Thus, it is proposed that still r> increasing the Transmembrane Transfer of the Conjugate, 

further advantages will be realized through the use of a is The lower cytotoxic activity of the conjugates containing 

longer peptide which also contains, e.g., residues 57-84. peptides as compared to CD4-dgA may be a result of less 

It should be noted that this peptide will not contain any efficient translocation of the peptide conjugate across a 

disulfide loop and therefore may not display the spatial membrane of the HIV-infected cell. To increase transmem- 

configuration of the natural VI domain of CD4. Moreoever, brane transfer of the water soluble conjugate, the carrier 

since the gpl20-binding site of the intact CD4 molecule is 20 portion (e.g., HSA or Ig) can be made more hydrophobic by 

lost following reduction of disulfide bonds in denaturing introducing an anchor such as stearic acid (104). It has 

buffer (100). this disulfide loop may be necessary for high recently been shown that the introduction of two fatty acid 

affinity binding. It is proposed that two approaches may be groups into the ricin A chain increased its toxicity so that it 

taken to generate a peptide with improved affinity for gpl20. was comparable to that of native ricin (104). By introducing 

In the first, a peptide containing residues 41-84 will be 25 fatty acids into the HSA or an Ig molecule, it might be 

coupled to thiolated or non-thiolated dgA. or to thiolated possible to increase the toxicity of the conjugate, but yet not 

human serum albumin (HSA) as described for BSA. In the reduce its specificity. 

second case, a peptide containing amino acid residues 16-54 E. Changing the dgA Segment of the Conjugate, 

(between the two cysteines) will be obtained sythetically or In order to render the dgA less immunogenic and intro- 

by a recombinant DNA methodology. To increase the affinity 30 duce only the active site into the conjugate, dgA will be 

of binding, it is proposed to introduce 5-10 glycine residues treated with a variety of chemicals and enzymes to prepare 

onto the last C-terminal amino acid residue before adding the shortest possible segment which retains N-glycosidase 

the cysteine, which is important for coupling to HSA or dgA. activity. Such treatments will include (see FIG. 17): 

This polygiycine arm might expose the gp!20-binding site 1) Hydroxylamine. 

of the peptide in a more effective way and. hence, increase 35 The dgA molecule contains only one asparagmyl-giycyl 

the affinity of binding. peptide bond (positions 141-142) which is susceptible to 

B. Prolonging the Serum Half-Life of the Peptide- cleavage by hydroxylamine. By splitting the dgA with 
Coniugate. hydroxylamine, two fragments can be obtained. One con- 
If an active conjugate containing only the peptide and dgA tains the first 141 amino acid residues in the N-terminal 

is obtained, it will probably have a short-serum half-life. To 40 portion and the other the 142-265 amino acid residues in the 
prolong the half-life of the conjugate, it is proposed that the C-terminal portion. Both fragments will be tested for their 
gpl20-binding peptide be chemically coupled to another ability to inhibit protein synthesis in a cell-free rabbit 
molecule to confer a longer serum half-life. One possible reticulocyte assay- 
molecule is pepstatin (a pentapeptide containing iso-valeryl- 2) Cyanogen bromide. 

l^valyl-L-valyl-4-anuno-3-hydroxy-6^mcthylheptanoyl- 45 The fragment of dgA (1-141) should not be susceptible to 

alanyl-4-ammo-3-hy<hx>xy^memyl-hcptanoic acid). Pep- cleavage by cyanogen bromide since it does not contain a 

statin is a powerful inhibitor of cathepsin D and the renin- methionine residue. The fragment from 142-265 has three 

angiotensin reaction. Administration of pepstatin methionines and should be split into four fragments of 

concomitantly with 3L-2 reduced the degradation of mis different sizes containing 32, 13. 63 and 12 amino acids, 

rxotem and rxoloaged its serum hatf^^ 50 respectively. All four peptides can be isolated and tested for 

might be possible to couple pepstatin to the N4enninal end activity in the rabbit reticulocyte assay. If the toxic activity 

of the peptide and. hence, confer a longer serum half-life to is associated with one or more of the four fragments, these 

the conjugate. Alternatively, pepstatin could be adrninistered fragments wfll be used for conjugation to the gpl20-binding 

concomitantly with the peptide -conjugate. peptide. 

C. Different Carrier Proteins. In initial studies, BSA was 55 3) Papain. 

used as the carrier of the peptide in order to couple it to If the dgA molecule is bound to Blue Sepharose and 

dgA. To use these conjugates in humans, it will be treated at room temperature with papain, one fragment of 

preferred to use a human protein to avoid an immune dgA with an approximate Mr of 7 kDa remains attached to 

response. This could be done in several ways: the Blue Sepharose and can be eluted with NaO. The 

1) HSA could be substituted for BSA. The half-life of 60 peptide does not contain cysteine and is rich in arginine, 
HSA in humans is 7 days. Furthermore, the Mr of the suggesting that it imghtcontamte 

conjugate could be decreased by using a tryptic fragment of A chain (residues 1-60). In preliminary experiments, the 

HSA (with 30% of the Mr) with the same half-life (102). toxic activity of this fragment was 20% that of the initial 

This would generate a conjugate of 55-60 kDa. dgA. These results suggest that fragment 1-141 (obtained 

2) Other experiments conducted in the inventors' labora- 65 with hydroxylamine) may contain the toxic site. It should 
tory have shown that a human monoclonal anti-gp41 bound bind to Blue Sepharose and its size could be further dimin- 
to dgA is an effective immunotoxin (IT) for HIV-infected ished by papain cleavage. 
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F. Decreasing the Immunocrcnicity of dgA by Chemical EDTA, pH 7.5 (PBE) at 4° C. The protein fraction was 

Alteration. collected automatically into a spiral cartridge Amicon CH2 
Experiments designed to diminish the immunogenicity of concentrator (YM-30) and concentrated to 2 mg/ml. The 
dgA by chemical modification of the molecule with agents rCD4-MPT solution, free of any MPT, was maintained on 
that decrease immunogenicity will be performed. Such an 5 ice no longer than 1 hour before reacting it with reduced 
agent is PEG. Alternatively, the electrical charges of some of dgA. The average number of MPT groups per molecule of 
the amino acid residues can be changed by cationization of rCD4 was determined by measuring the absorption at 343 

the molecule (e.g.. succinylation). nm of an aliquot treated with dithiomreitol (DTT) (10 nM. 

x __ f „ ^_ final concentration) for 15 minutes at room temperature and 

EXAMPLE 10 using the equation: MPT groups/one molecule of CD4= 

I^rge Scale Preparation of Ricin A Chaia-CIM ^jS^^H^ 1 ' 

Conjugate 25Q to 500 ml of dgA solution (approximately 4 mg/ml) 

A- INTRODUCTION was treated with 25 to 50 ml of DTT (7.7 mg/ml) with 

As demonstrated in the examples above, disuifide-bonded is stirring. The mixture was incubated for 1 hour at room 

conjugates of recombinant human CD4 antigen (rCD4) and temperature in the dark. The mixture was cooled in ice and 

the dcglycosyiated form or ricin A chain (dgA) effectively applied to a Sephadex G-25 Bioprocess column (Pharmacia, 

kill a human T cell line (H9) infected with the Human Uppsala. Sweden) (25x30 cm) (flow rate 5 L/hr) equilibrated 

Immunodeficiency Virus (HTLV ///4 , or HIV-1). A major with nitrogen-flushed PBE at 4° C. The protein fraction was 

factor affecting the efficacy of such conjugates in vitro, as 20 collected automatically into a Amicon CH2 concentrator 

well as their stability and toxicity in vivo, is found to be the (YM- 10) and concentrated to 2 mg/ml. The freshly reduced 

chemical nature of the cross-linker used to introduce a dgA was immediately mixed with rCD4-M FT solution in a 

disulfide bond(s) between the rCD4 and dgA molecules (92). weight ratio of 1:1 (dgA/rCD4 molar ratio=U) and the 

Moreover, results have indicated mat a rCEM-dgA conjugate mixture was sterilized by filtration through a 0.22 mu 

prepared with N-succinimidyl-oxycarbonyl-a-methyi-(2- 25 disposable filter. The conjugation reaction lasted 48 hours at 

pyridyldithio)toluene (SMPT) is superior since it is active room temperature under nitrogen, 

and has a hindered disulfide bond between rCD4 and dgA 6. Purification of rCD4-dgA 

which confers stability in vivo. Therefore. rCD4-dgA pre- The crude conjugate (between 1-2 L containing 2-4 g of 

pared with SMPT is the cross-linker of choice for use as a protein) was cooled in ice and applied to the Bluc-Sepharosc 

therapeutic drug to treat HIV-infected individuals. In this 30 CL-4B Bioprocess column (Pharmacia. Uppsala. Sweden) 

example, a standardized procedure for the large scale prepa- (11.6x30 cm) (How rate 2 L/hr) equilibrated with PBE at 4° 

ration of rCD4-SMFT-dgA and a description of the physico- C. The fraction washed out with this buffer was discharged 

chemical and biological properties of the rCD4-dgA is (contains nonreacted rCD4) and the column was further 

presented. eluted with 0.5M Nad in PBE. The eluted protein (rCD4- 

B. MATERIALS AND METHODS 35 dgA+dgA) was concentrated to approximately 700 ml and 

1. rCD4 loaded, after cooling on ice. to Sephacxyl S-200HR Biopro- 
The recombinant protein containing amino acids 1 to 368 cess column (Pharmacia. Uppsala. Sweden) (25x60 cm) 

was prepared as described (75). dissolved in phosphate- (flow rate 4 IVhr) equilibrated with 0.145M Nad at 4° C. 

buffered saline (PBS) with 0.05% Tween 20 at concentra- The first peak contained aggregated rCD4-dgA (150 kDa). 

tions of 5 mg/ml. The absorption coefficient (at 10 mg./ml) 40 the second peak rCD4^dgA (80 kDa). and the third peak dgA 

and molecular mass used for rCD4 were 15 and 45 kDa. (30 kDa). 

respectively. The rCD4-dgA conjugate was concentrated to 1-2 mg/ml 

2. dgA and was sterilized by filtration through a 0.22 mu disposable 
The dgA chain of ricin was obtained from Inland Labo- filter. Samples were aliquoted into endotoxin-free vials 

ratories (Austin. Tex.), and was prepared and characterized 45 (Wheaton serum bottle. Southland Cryogenics. Carroliton. 

as previously described (Fulton et aL. 1986). The protein Tex.) at 10 and 20 mg per vial and sealed in a laminar flow 

was dissolved in PBS with 50% glycerol at approximately 4 hood. The vials were irnrnediately snap-frozen at -70° C. 

mg/ml and stored at -20° C. The absorption coefficient (at and were stored at this temperature for 1 year without any 

10 mg/ml) and the molecular mass for dgA were 7.7 and 30 change in activity. 

kDa. respectively. 50 7. Analysis of the rCD4-dgA Conjugate 

3. Preparation of rCDr-dgA The cell-free rabbit reticulocyte assay HIV-infected H9 
All procedures were performed according to the guide- cell assay (95) binding and killing of Daudi cells (92. 94). 

lines of Good Laboratory practice (GLP) (93) with sterile. SDS-PAGE (94). Limulus amoeba lysate (LAL) assay. LD^ 

endotoxin-free distilled water (obtained by reverse- determination in mice, clearance from the blood, and tissue 

osmosis), buffers and equipment using a fully automated 55 reactivity in mice were carried out as described, 

biocompatible liquid chromatography system as described Relative binding values for rCD4-dgA conjugates (vs 

(94). The four steps of the preparation and purification non-conjugated rCD4) were determined by an ELISAassay. 

procedures in the present example were accomplished in 48 Wells of a microti ter plate were coated overnight at 4° C. 

hours and 24 hours, respectively (FIG. 9). with 2 ug/well recombinant gpl20 (Genentech, Inc., San 

4. Derivatization of rCD4 60 Francisco, Calif.) in 0.1M bicarbonate buffer. pH 9.6, and 
200 to 400 ml of a solution containing rCD4 (5 mg/ml) then blocked with 100 ul of 0.5% bovine serum albumin in 

was mixed with 4 to 8 ml of SMPT (6.5 mg/ml PBS containing 0.05% Tween 20. for 3 hours at room 

dimemylformamide) while stirring for 1 hour at room tan- temperature, various concentrations of rCD4-dgA or rCD4 

perature. The mixture was cooled on ice and applied to a (3-100 ng/ml) were added in 100 ul and the plate was 

Sephadex G-25 Bioprocess column (Pharmacia. Uppsala. 65 incubated for 2 hours at room temperature. The binding of 

Sweden) (25x30 cm) (flow rate 5 L/hr) equilibrated with the rCD4 derivatives to gpl20-coated wells was determined 

nitrogen-flushed 0.05M phosphate buffer with 0.003M Na 2 with horse radish peroxidase-labeled anti-CD4 (Genentech. 
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Inc., San Francisco, Calif.) and a tetramethylbenzidine/ 
hydrogen peroxide substrate. The absorbance was recorded 
with an ELISA plate reader (Biorad, South Richmond. 
Calif.) using the 450 am filter. 

Linear regression curves were generated by plotting the 
absorbance vs the rCD4 concentration (in ng/mi) for each 
sample. By dividing the value of the slope of the linear curve 
of the sample (rCD4-dgA) to mat of the standard (rCD4). the 
relative binding values for rCD4-dgA conjugate was calcu- 
lated. The kinetics of the rCD4-MFT conjugation with 
dgA-SH was followed by suing high performance Liquid 
chromatography (HPLC) on a 0.75x60 cm TSK 3000SW 
column (Sperhogel. LKB. Bromma. Sweden). After mixing 
rCD4-MFT with dgA-SH. 0.2 m. aliquots were withdrawn at 
various intervals of time and analyzed by HPLC at a flow 
rate of 1 ml/minute in PBE. The increasing percentage of 
rCD4-dgA conjugates was plotted against time (in hours) 
and the curve was used to determine the incubation time 
yielding the highest amount of rCD4-dgA conjugate. 

To prepare small amounts of a highly purified rCIM-dgA 
conjugate, an aliquot of the rCD4-dgA preparation obtained 
after purification on Blue-Sepharose and Sephacryl 
S-200HR chromatography (2 ml) was further submitted to 
HPLC on a preparative TSK G3000SW column (Ultropac. 
LKB. Bromma. Sweden) (2. 1x60 cm) able to process 30 mg 
protein at a flow rate of 3 ml/rnin. The highly purified 
rCD4-dgA conjugate was maintained sterilely at 4° C. 
C. RESULTS 

1. The Procedure 

The large scale preparation of rCD4-dgA conjugates is 
generally similar to the procedure already described for the 
preparation of the small amounts of rCD4-dgA with SMPT 
as a cross-linker (92). The critical step of the coupling 
procedure is the time of incubation between the rCD4-MFT 
and the reduced dgA-SH as shown in FIG. 10. It can be seen 
that the coupling reaction is completed after 43 hours. If the 
incubation time is extended 1 72 hours Las recommended for 
the preparation of Unmunotoxins (TVs) (66). the percentage 
of aggregated rCD4-dgA increases, thus reducing the yield 
and purity of the 80 kDa rCD4-dgA. The average number of 
MPT groups introduced into the rCD4 molecule ranged from 
1.0 to 1.5 (mean 2.1±03). suggesting that at least one-third 
of the rCD4 molecules are derivatized with a single disulfide 
group after treatment with SMPT. These rCD4 molecules are 
able to react with freshly reduced dgA-SH which has only 
one of its two cysteine residues available for interaction with 
rCTM-MPT. 

This reaction leads to the formation of a rCD4-S-S-dgA 
conjugate as indicated in FIG. 9. When rCD4 derivatized 
with two MPT groups reacts with dgA. conjugates with a 
higher molecular weight (Mr) are formed [e.g.. (rCD4) 
(dgA 2 l. By treating rCD4 with a moderate excess of SMPT 
(3.5 moles SMPT/mol rCD4) some rCD4 molecules are not 
derivatized and therefore arc unable to react with reduced 
dgA. In fact, by chromatography of rCD4-dgA on reduced 
thiopropyl-Sepharosc (Scrva. St Louis. Mo.), about 25% of 
the SMPT-treated rCD4 did not bind to the column indicat- 
ing that this rCD4 fraction did not contain any MPT disulfide 
groups. For this reason, it can be recovered after Bhie- 
Sepharose chromatography and further used for another 
conjugation. 

After derivatization with SMPT and gel filtration on 
Sephadex G-25 in PBE. the rCD4-MPT is soluble in PBE 
without TNveen 20; therefore, mis detergent is not needed in 
the conjugation and purification procedures. The pH and the 
ionic strength of PBE used for the conjugation also allows 
the interaction of dgA (free or bound to rCD4) with Blue- 
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Sepharose; therefore, no dialysis step is necessary before 
purification of the conjugate. 

2. The Design and Operation of the Chromatographic 
System 

5 The preparation of rCD4-MFT and dgA-SH. as well as the 
purification of the rCD4-dgA conjugate (FIG. 9). involved 
the use of four Pharmacia Bioprocess columns integrated in 
an automatic circuit controlled by a process controller as 
described for the large scale preparation of immunotoxins 
(94). The chromatographic system is compatible with the 
10 recommended cleaning-in-place and sanitation procedures 
using various concentrations of NaOH (0.1-0.25M). To 
prevent particles from entering the columns, the chromato- 
graphic fractions were filtered through a 0.45 mg filter after 
each chromatographic step. The buffers were pumped with 
15 a Watson-Marlow 501U pump through a Versaflow capsule 
filter (0.45 mu) (Gelman. Ann Arbor. Mich.) into a sterile, 
endotoxin-free cylindrical polypeptide tank (114 L) (Fisher 
Scientific. Pittsburgh. Pa.), maintained with the chromato- 
graphic system at 4° C. in cold boxes. From these reservoirs. 
20 the cold, nitrogen-flushed buffers were pumped by another 
identical pump into the chromatographic system. The pro- 
tein fractions of interest were directly collected into CH2 
concentrators also maintained in the cold boxes (94). 

3. Chromatographic Resolution 
25 The separation of proteins from excess DTT or MPT 

(SMPT) was achieved with very good efficiency when the 
Sephadex G-25 columns were not loaded with a volume 
larger than 500 ml (3% of the bed volume of the columns). 
This is important since traces of MPT (SMPT) in rCD4 and 
30 DTT in dgA may result in low yields. 

The use of Blue-Sepharose results in elimination of 
almost all uareactXve rCF4 while the fioal chromatographic 
step on Sephacryl S-200HR results in a clean separation of 
rCD4-dgA from dgA. but in an incomplete separation from 
35 rCD4-dgA molecules with a Mr higher than 80 kDa (FIG. 
11). Therefore, as shown in FIG. 12. me final preparation of 
rCD4-dgA is 90% pure and contains both high Mr. conjugate 
(s). some free rCD4 and traces of dgA. It should be noted 
that each of the two electrophoretic bands with 75 kDa and 
40 97 kDa contain one molecule or rCD4 coupled to one 
molecule of dgA chain (92). The purity of the rCD4-dgA 
conjugate can be improved by an additional purification of 
HPLC on a preparative column which eliminates almost all 
high Mr conjugate^) and free dgA. Unfortunately, the 
45 available size of the HPLC column docs not allow the 
purification of more than 100 mg/5 hours; therefore, this 
method cannot be used for large scale procedures. 

4. Yields 

The theoretical yield of the conjugation of rCD4-MPT 
50 (containing one MPT group) with dgA-SH is approximately 
50% if we take into account the fact mat approximately 25% 
of the rCD4 does not have disulfide groups introduced into 
the molecule and that the same percentage of rCD4 probably 
contains more than one MPT group per molecule. When the 
55 percentage of the rCD4-S-S-dgA formation was followed by 
HPLC (FIG. 19). it represents a maximum of 30%. After two 
chromatographic steps (Blue-Sepharose and Sephacryl 
S-200HR). both followed by concentration procedures, a 
significant amount of the rCD4-dgA conjugate was lost due 
60 to either the adsorption of the protein to the filters or to the 
deal volume of the spiral cartridge concentrator. Therefore, 
the final yield never represented more than 20% of the rCD4 
introduced into the reaction and somewhat less of Hue initial 
dgA. The free dgA (nonreacted with rCD4) isolated through 
65 the last chromatographic step, represents approximately 
25% of the initial dgA and can be further used for another 
conjugation. 
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5. The Properties of the rCD4-dgA Conjugate 
The routine checking of the rCD4-dgA preparations 
obtained by the large scale procedures include the assays 
presented in Table IV. rCIM-dgA. obtained by GLP-scale-up 
procedures, was sterile and contained very little endotoxin 
(100 limes less than the limit set by the FDA). The other 
properties were comparable with those of the rCD4-dgA 
prepared by the small scale procedures already reported 
(92). 

TABLE IV 

ANALYSIS OF iCIM-dgA CONJUGATES 



10 



Resuh 



Assay 



Lajjc Scale SnuU Scale' 



Yield (% of the initial iCD4) 


19.8 


173 


Sterility 


Negative 


Positive 


LAL assay (EU/ml) 


0.1 


2SJ) 


HPLC (% of 80 tDi peak) 


90.0 


90.0 


gpl20 binding (% of initial rCD4) 


80.7 


83.6 b 


Reticulocyte assay QC*>) (xl(T il M) 


2.1 


1.2 


HTV-mfectcd cell assay flC^) (xl0" l0 M) 


1.0 


2,0 


Interaction with Class H antigens 4 


NegaLve 


Negative 


Bloood Half-life in mice (mm.) 


221.0 


209-0 


Dissociation in vivo (% of 4gA 


4.0 


4.4* 


released in 4 hours) 


91^ 




LDjo in mice (pg/g) 


116.0 


Tissue reactivity in mice 


Myositis 


Not done 



'From Ghetie, et al (92) 

*Vahie obtained with a different assay (92). 

<The san* value was obtained with the iCXH-dgA further purified on HPLC. 
^Tested by the blading and killing of Daudi cells (92). 
"Five times more dgA was released from i conjugate prepared with another 
ciosslinker (92) 

*For dgA, the ID^o was 30 «g/g mouse. 

D, DISCUSSION 

As demonstrated by the foregoing ex ample, the prepara- 
tion of the rCD4-dgA conjugate with the SMPT cross-linker 
can be scaled up to obtain gram amounts of conjugate 
without impairing the yield, purity or biological activity of 
the preparation, as compared to the procedures utilized for 
its preparation in small amounts (mg) for experimental 
purposes. The chromatographic system used for the prepa- 
ration and purification of rCD4-dgA was in certain ways 
comparable to that used for the preparation of Fab* -dgA 
(94). but using fewer chromatographic steps and a simplified 
procedure. Importantly, apparently due to this fact the 
contarnination with endotoxin was 10 times lower. The 
impurities contained in the rCD4-dgA preparation 
(approximately 10%) did not diminish its cytotoxic activity 
since no significant increase in its activity (IC^ was 
recorded after removing these impurities by a supplementary 
preparative HPLC 

The LDjo of the conjugate in mice (9 1 ug/g mouse) would 
be equivalent to 600 mg/m 2 in humans, e.g.. approximately 
1 g of rCD4-dgA per 70 Kg patient This relatively low 
toxicity of rCD4-dgA to mice (91 ug/g) coupled with its 
potent cytotoxicity (ICso=l<r 10 M) to HIV-infected H9 
human cells and its lack of interaction with Class n antigens 
suggest that rCD4-dgA will be a safe and specific drug for 
the treatment of patients with AIDS. Moreover, the good 
stability of rCD4-dgA in vivo as well as its longer half-life 
in the circulation of mice, further indicates that the conjugate 
will be clinically useful. 

While the compositions and methods of this invention 
have been described in terms of preferred embodiments, it 
will be apparent to those of skill in the art that variations may 
be applied to the composition, methods and in the steps or 
in the sequence of steps of the method described herein 



without departing from the concept, spirit and scope of the 
invention. More specifically, it will be apparent that certain 
agents which are both chemically and physiologically 
related may be substituted for the agents described herein 
while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent to those 
skilled in the art are deemed to be within the spirit, scope and 
concept of the invention as defined by the appended claims. 

EXAMPLE VI 

CD4 Peptide Conjugates — rgpl20 Binding in the 
Presence of HIV* Sera 

Sera from HIV + individuals inhibit the interaction 
15 between rCD4 and rgpl20. thereby interfering with the 
ability of soluble rCD4 to block infection with HIV or of 
rCD4-toxin conjugates to kill HIV-infected cells. In this 
example, it is demonstrated that the inhibitory activity of 
such sera is caused primarily by anti-gpl20 antibodies that 
20 do not recognize the CD4-interaction site on gp!20. The 
presence of antibody that can block the binding of CD4 to 
gpl20 would seriously undermine CD4- based therapies for 
patients with AIDS (5.10.11). To circumvent this blocking 
by -HIV" sera, small CD4 peptide segments were generated 
25 which are capable of binding to rgpl 20 even in the presence 
of HIV sera. 

In order to test the binding of these CD4 peptides to 
rgp!20. CD4 peptides corresponding to residues 41-57. 
41-84. and 8 1-92 were synthesized and bound to ovalbumin 

30 (OVA), generating peptide-OVA constructs with 3-5 pep- 
tides per molecule of OVA. The binding of these peptide- 
OVA constructs to gpl20 was then compared to rCD4 in the 
presence of fflV or HIV" sera. The peptide having residues 
41-84 [i.e., CD4-peptide (41-84>-OVA] was found to 

35 exhibit the highest affinity for gpl20. though less than the 
affinity of rCD4. and was capable of binding gpl20 in the 
presence of HIV sera, whereas rCD4 was not capable of 
such binding. Therefore, constructs utilizing CD4 peptide 
41-84 conjugated to toxins, such as dgA. are believed to 

40 offer significant promise for blocking HIV infection and 
preventing the spread of HIV infection in individuals having 
high titers of anti-gpl20 antibodies. 
A. MATERIALS AND METHODS 

1. Preparation of Peptide-Ovalbumin Conjugates 

45 CD4 derived peptides were synthesized on an Applied 
Biosy stems Inc. (Foster City. Calif.) Model 430A solid 
phase peptide synthesizer. These peptides contained: 1) 
amino add residues 40 to 57 (Gln-Gly-Ser-Phe-Leu-Thr- 
Lys-Gly-Pro~Ser-Lys-Leu-Asn-Asp-Arg- 3 H-Ala-Asp-Ser) 

50 to which Ala (penultimate) and Cys (C-terminal) were 
added; 2) amino acid residues 81 to 92 (Thr-iyr-Ile-Cys- 
Glu-Val-Glu-Asp-Gly-Lys-Glu-Glu) with 3 H-Ala at the 
N-tcrminal end; and. 3) amino acid residues 41 to 84 
(Gly-Sex-Phe-Leu-Tm*-Lys-Gly-Pro-Ser-Lys-Leu-Asn-Asp- 

55 Ai^-Ala-Asp-Ser-Arg-Arg^-I^-Tip-A^Gln-Gly-Asn- 
Phe-Pro-Leu-He-ne-Lys-Asn-Leu-Lys-IJe-Glu-Asp-Ser- 
Asp-Thr-IVr-Ile-Cys) with ^-Ala in position 55. The 
peptides were purified by reverse phase HPLC and charac- 
terized by fast atom bombardment mass spectrometry. A 

60 peptide not found in the CD4 molecule and containing 21 
amino acid residues (Tyr-Asp-Arg-Pro-Glu-Gly-Ile-Glu- 
GIu-Glu-Gly-Glu-Arg-Asp-Arg-Asp-Arg-Ser-Gly-Cys) 
(Immuno-Dynamics Inc.. La Jolia. Calif.) was used as 
controL 

65 Ovalbumin (OVA) (Sigma. St Louis. Mo.) (1 ml) dis- 
solved in 0.05M phosphate buffer with 0.003M NA^EDTA 
(PBE) at 5 mg/ml was mixed with 10 ul N-Succinimidyl 
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3-(2-pyridyldithio) propionate (SPDP) (Pharmacia. WcUs coated wiUi igpl20 and Mocked as descn^d above 

Piscataway N J.) dissolved in dimethylformamide (Pierce. were treated with various concentrations of pepude-OVA or 

Rockford lk) at 80 mg/ml (molar ratio SPDP/OVA=24) and OVA (control) in 100 ul and the plate was incubated for 2 hr 

the mixture was incubated at 25° C. for 1 hr. The thiolated at 25° C. The pUtes were washed and then ncubated with 

OVA was separated from the small molecules by gel filtra- 5 rabbit IgG antiOVA coupled to HRP (5 ul/ml) for 2 hr at .25° 

tion on Sephadex G-25M equilibrated with PBE and after C. The binding of the labeled antibody was detected as 

coDcentradon to 5 mg/mL immediately mixed with an equal described above. Linear regression curves were generated 

volume of peptide dissolved in PBE at 2 to 5 rag/ml (molar by plotting the absorption vs the concentration of pepude- 

^w'Scubatutg tales' for 2 hr at 25° C. they were to The inhibition of binding the peptide-OVAto rgpl20was 

passed over a Sephadex G-10 or G-50 column equilibrated determined in the presence of dilutions of HIV" and HTV 

with PBE. The first peak containing pcptide-OVA. was sera. Sera were incubated for 2 hr at room temperature in 

pooled and concentrated. The number of peptides coupled to rgpl20 coated wells or 30 min at 3T C. before adding the 

OVA was determined by using an absorption coefficient of CD4 peptide-OVA with or without washing. 

0.73 for OVA and the specific radioactivity of the peptides is 6. The Specificity of rCD4 and Peptidc-OVA Binding to 

(2-4x10* cpm/mg). Values of between 8 to 11 peptide rgpl20 

molecules per molecule OVA were determined for both CD4 The specificity of the binding of rCD4-HRP to rgpl20 

(40-57)-peptide and CD4 (81-92) peptide-OVA conjugates was determined by incubating rgpl20-coated wells for 2 hr 

while for CD4 (41-84). there were 3 to 5 peptide molecules at 25° C with various concentrations of rCD4. CD4 peptide 

per molecule of OVA. No free -SH groups were detected on 20 (40-57)-OVA. CD4 peptide (81-92)-OVA. CD4 peptide 

peptide-OVA by titration with Hunan's reagent (73). (41-84)-OVA. control peptide-OVA and OVA. The IC ^for 

2 Preparation of Protein-Horseradish Peroxidase (HRP) rCD4. CD4 peptide (40-57>OVA and CD4 peptide (41-84) 
Coniueatcs -° VA werc determined graphically. The relative affinity of 

The rCD4-HRP and IgG-anti-OVA-HRP conjugates were the CD4-peptides-OVA for rgpl20 vs rCD4 was calculated 

prepared by derivatizing the HRP with sucdninudyM-(N- 25 by dividing die IC* of the rCD4. 

rnXiinidomethyl)-cyclohexane-l-carboxylate (Pierce. The specificity of the binding of CD4 pepudes-OVA to 

Rockford. 111.) (67) and the rCD4 (Genentech. San rgpl20 was demonstrated by incubaUng the rgpl20-CMted 

Francisco Calif) and anti-OVA with N-sucdnimidyl-S- plates with different concentrations of rCD4 or OVA for 2 hr 

acetylthioaceUte (Calbiochem. La Jolla. Calif.) and at 25° C before adding the CM peptides-OVA at concen- 

hvdroxylamine. 30 frations 411 absorption * *™ "™ <* °- 6 ,0 °- 8 - 

3 Absorption of Human Sera on Immobilized Proteins B. RESULTS AND DISCUSSION 

Protein A. rgpl20 or rCD4 were coupled to CNBr- 1. Anti-gpl20 antibodies Block and Binding of rCD4 to 

activated Sepharose 4B (Pharmacia. Piscataway. N.J.) The rgpl20 

gels were loaded with 1 ml of human serum, washed with The ability of 8 HIV* and 8 HIV human sera to inhibit 

PBE containing 0.5% bovine serum albumin and 0.05% 35 the binding of rCD4 to rgpl20-coated wells of microliter 

Tween 20 until the absorption at 280 nm of the effluent was plates was determined and the results are presented in FIG. 

zero- total collected volume was 10 mL 1/10 dilutions of 17. The HIV sera inhibited binding; the average <Wut,otr of 

these sera were used for inhibition experiments. HTV sera HIV sera giving 50% inhibition of binding was 1/820*1/ 

were obtained from seronegative individuals. HIV sera 336. . 

were obtained from Walter Reed Stage 6 (AIDS) patients. 40 HTV sera showed some inhibitory activity (50% inhibi- 

4 The Binding of rCD4-HRP to rgpl20 and Inhibition by tion at l:64±l/56). Both values are in agreement with earlier 
Scra reports (110-114). 

Wells of a microliter plate were coated overnight at 4° C As shown in FIG. 18A. the inhibitory activity of an HIV 

witn ioo ul of rpgl20 (Genetech. San Francisco. Calif.) (1 serum was markedly reduced after absorption^ withrp 120- 

Ufi/ml) inOlM bicarbonate buffer pH 9.6 and then blocked 45 Sepharose or protein A-Sepharose. but not iCEM-Sepharose. 

for 2 hr at 25° C. with 200 id of 0.5% bovine scrum albumin indicating that the inhibitory factor is an immunoglobulin 

(BSA) in phosphate buffered saline (PBS) containing 0.5% with anti-gpl20 activity. Residual inhibitory activity was 

Tween. Dilutions of HTV or HIV sera werc added (100 ul) probably related to incomplete removal of anti-gpl20. since 

and the plate was incubated for 2 hr at 25° C After washing. only one absorption with rgpl20-sepharose was performed. 
100 ul ofrCD4-HRP(5 ul/ml) was added to the wells for 2 so Similar results were obtained with three other HIV sera 

hr at room temperature and the binding of rCD4-HRP was tested. The sera from HIV individuals were absorbed with 

detected by ll^azino-di(3-ethyl-benzylthiazoline-6- the same panel of inunobilized proteins, and no reduction of 

sulfonic acid) and hydrogen peroxide (Bio-Rad. Richmond. inhibitory activity was observed (one representative serum is 

Calif ) using and EUsTreader equipped with a 405 nm shown in FIG. MB). These results indicate that fte mhibi- 
fflter LineJ regression curves were generated by plotting 55 tory factor in sera from HIV individuals does not bind to a 

the absorbance vs the dilutions of sera for each sample. The protein A and is probably not an inununoglobulin. A 

inhibition of binding of rCD4-HRPto igpl20 was expressed inaanose-binding protein present m normal human sera and 

aTtiK dUution of sL giving 50% iimflbition of binding. A reported to inhibit HTV infection of H9 cells (105. 106) is not 

^"tTftis binding «say was also performed in which the blocking factor since it did notbmd to mannose-agarose 
plates coated with rpgl20 were blocked with 5% fetal calf to and blocking was not inhibited with mannan. Since human 

serum (FCS) and the incubation with dilutions of human serum albumin (HSA) at a concentration sirwlarto that in 

serum was performed at 37° C. for 30 min followed by the the human sera-treated plates gave less inhibition than HTV 

addWon ofrCD4-HRP directly to the dilutions of human sera (FIGS. 17A and B). the blocking factor is not albumin 

serum without washing followed by further incubation at 2. The Anti-gpl20 Antibody in HTV Sera is Not Directed 
T7° C for 30 minutes « Against the CD4-Binding Site on gpl20 

" 5 The Bindine of Peptidc-OVA to rgpl20 and Inhibition To determine whether the anti-gpl20 antibodies in HTV 

by Sera sera were directed against the CD4-binding site on gpl20. 
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three CD4 peptides that have been reported to bind to gpl20 react with the CD4-binding site on gpl20, but instead react 

were tested. These peptides contain amino acids 40-57 (96). with adjacent regions of gpl20 which are not directly 

81-92 (68) and 41-84 (107) of the CD4 molecule. Peptides involved in CD4-binding. If the gpl20-binding site on CD4 

containing CD4 residues 40-57 and 81-92 did not inhibit is located in a crevice between loops 2 and 3 (107). then the 

the binding of rCD4 to gp 120 even at concentrations of 50 5 inhibitory effect of an antibody attached to a region adjacent 

uM. However, when these peptides were conjugated to OVA to the CD4 binding site on gpl20 may be steric. When using 

(at a ratio or 3-11 peptide molecules per molecule of OVA). the CD4-peptide (4 1-84K>VA conjugate, one or more of the 

CD4-peptides 40-57 and 41-84 inhibited binding of CD4 to gpl20 -binding peptides that protrude from the surface of 

gpl20. whereas CD4-peptide (81-92) or an irrelevant pep- the carrier protein may gain access to the CD4-binding site 

tide (control) conjugated to OVA was not inhibitory (FIG. 10 on gp!20. despite the presence of anti-gpl20 antibodies that 
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What is claimed is: 

1. A composition of matter comprising a spacer and at 
least one gpl20-binding peptide of from 17 to 50 amino 

45 adds conjugated to said spacer, wherein said peptide com- 
prises amino acids 4 1-57 of CD4. wherein said composition 
reduces HTV binding to human cells in the presence of 
antibodies from an individual infected with HIV. 

2. The composition of claim 1. wherein the gpl20-binding 
50 peptide structure includes amino acids 41-84 of CD4. 

3. The composition of claim 1. wherein the spacer com- 
prises a serum soluble protein. 

4. The composition of claim 3. wherein the protein spacer 
comprises OVA, BSA. HSA. poly-gly. or poly-ala. 

55 5. The composition of claim 1. wherein the spacer com- 
prises an N-hydroxysinxiiiimide ester. 

6. The composition of claim 1. wherein me gpl20-binding 
peptide includes from two to ten additional amino acids 
positioned at its carboxy terminus. 

60 7. The composition of claim 1 , wherein the gp 120-binding 
peptide includes a carboxy terminal cysteine residue. 

8. The composition of daim 3 or 5. wherein the gp 120- 
binding peptide is conjugated to the spacer through a linker 
which includes a di sulphide bond. 

65 9. A pharmaceutical composition comprising a composi- 
tion in accordance with claim L in combination with a 
pharmaceutically acceptable diluent. 
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10. A method for reducing the binding of HIV to human 
cells in the presence of antibodies of an individual infected 
with HIV. the method comprising: 

(a) preparing a composition of matter comprising a spacer 
and at least one gp 120 -binding peptide of from 17 to 
50 amino acids conjugated to said spacer, wherein said 
peptide comprises amino acids 41-57 of CD4; and 

(b) contacting the human cells with said composition of 
matter in an amount effective to reduce the binding of 
HIV to said cells in the presence of such antibodies. 

11. The method of claim 10, wherein the spacer comprises 
a serum soluble protein. 

12. The method of claim 11. wherein the protein spacer 
comprises OVA. BSA. HSA, poly-gly. or poly-ala. 
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13. The method of claim 10. wherein the spacer comprises 
an N-hydroxysuccinimide ester. 

14. The method of claim 10 or 11. wherein the gp 120- 
binding peptide is not conjugated to a toxin molecule. 

5 15. The method of claim 10. wherein step (b) comprises 
adininistering the gpl20-binding peptide to an HIV infected 
individual. 

16. The method of claim 10. wherein the gpl20-binding 
peptide is one having the ability to reduce binding of HIV to 

10 human cells in the presence of antibodies to the CD4 protein. 

17. The method of claim 10, wherein the gpl20-binding 
peptide structure includes amino acids 41-84 of CD4. 
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